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Tue dawn of the present century may 
be taken as the beginning of a new epoch 
in plant science. Farther back than this 
the impact of science on affairs was indi- 
rect and not easily to be appraised. Rec- 
ognition of the fact that studies of plants 
from the view-point of the botanist 
might really concern agriculture, long 
delayed, came with a rush; the organiza- 
tion of the Bureau of Plant Industry, the 
members of which devoted attention to 
special phases of nutrition, cultivation, 
importation, selection and breeding of 
crop plants, and in development of meth- 
ods of protection of cereals, fruits and 
tubers from the ravages of plant and 
animal enemies, was accompanied by an 
increase of personnel from a few dozen 
to several hundred within two or three 
Similar expansions in state ex- 
Research 


years. 
periment stations followed. 
facilities in universities and colleges were 
notably increased. The New York 
Botanical Garden came into full opera- 
tion: the Desert Laboratory was estab- 
lished, and after thirty-six years of stud- 
ies on desert vegetation is now concerned 
with closely related problems in soils 
and erosion, to which some attention had 
been given from the first. The publica- 
tion of the results obtained by hundreds 
of researchers produced a flood of tech- 
nical contributions for which new jour- 
nals were started. 

The experimentalist in the field or 
laboratory as well as the researcher in 
any branches of science soon found him- 
self at a stage in which words of common 
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usage could not express his findings, with 
the result that it 
new terms. This was the 
origin of the much ridiculed ‘‘jargon”’ of 


was necessary to coin 
basis of the 
science. An article embodying a con 
tribution to science is to be compared 
with a surveyor’s description of a tract 
of land. 
the location, include a calculation, 
the boundaries of the area and make 
those of 


The specifications must relate 
define 
its 


lines close with neighboring 


similarly enclosed areas Ideally its 


+ 


accuracy must be such that the neares 
or next researcher or s irveyor can start 
from these established corners to outline 
and define the boundaries of unmeasured 
areas beyond. Such articles are necessary 
to progress and are written for the gui 
dance of other scientists and may not be 
eapable of expression in common lan- 
guage. Like the field 
graphical survey of the Grand Canyon, 
they make but dull reading for the lay- 
man. These and similar writings are in 
effect a They, how- 


ever, are necessary in placing material 


notes ot a LOpo- 


foreign language. 
facts on record. 

Presently it became apparent that the 
subjects of these unreadable and frankly 
unliterary papers treated of many things 
of momentous interest to general wel 
fare. It was 
science that the war of 1914 opened. In 
the ensuing mobilization of the indus- 


in this stage of unfolding 


tries, scientists were asked to contribute 
individual expertness, not in finding out 
new things, but to apply what was known 
in promoting security and the general 
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welfare. The botanist turned his atten- 
tion to the improvement of methods of 
breeding, cultivation and processing of 
plants and plant products. 

A world-wide appraisal of national 


and local resources ensued. Personal 
participation in this survey brought 


to light the fact that while something 
like half of the copper in America was 
produced in the district in which the 
Desert Laboratory was located the pro- 
duction of food was but 12 per cent. of 
the needs of the population. The great 
remainder and most of the power neces- 
sary for its industries, farming and min- 
ing, were derived from fuel coming across 
three bridges over the Colorado River, 
a situation now duplicated with varia- 
tions in a hundred regions on the map 
of the world. 

The effectiveness of scientific methods 
applied in war as well as in peace was 
demonstrated. A general desire for more 
news about science led to the organiza- 
tion and endowment of Science Service in 
1920, and to the addition of science edi- 
tors to the staffs of many of the more im- 
portant newspapers. Articles of fair 
precision dealing with current contribu- 
tions were given adequate space some- 
times on the front page; occasionally the 
paragrapher indulged in fantastic and 
startling headlines, but the actual news 
was available to the reader. The possi- 
bilities uncovered so stimulated the 
imagination of writers in this field, both 
laymen and technical workers were led 
into romanticizing current activities and 
to formulating prophecies, of which only 
fragments might be ever realized, and a 
lesser fraction within the span of any 
living person. This statement must not 
be taken to place all blame on newspapers 
and popular writings. Scientists joined 
in the glorification of contributions from 
laboratories and observatories, with al- 
most complete disregard of the fact that 
new ideas recognized as important by a 
few thousand scientists or by a few hun- 
dred thousand intelligent readers may 
not become practically available to so- 
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ciety in its adjustments to the swif; 
moving developments in economics 
present day. 

Here, as in all the disciplines of ky 
edge, results must in the first instan 
made accessible to workers in the ga; 
and in adjacent fields by presentat; 
with exactness, and with some atte: 
arrange the new findings in persp: 
The obligation to make available th: 
plications of the widened knowledge t 
achieved to the economist, the te 
ogist, the sociologist, the statesman 
to all forward-looking persons is not 
binding. We can not persuade or 
pel their acceptance; to secure approva 
and utilization we must make our contr 
butions of such weight, render our inter 
pretations so clear and their pertine 
to life so convincing that their 
tion will be inevitable. 

The originator of a new food pri 
new fabric or new motor or the states’ 
who develops an advanced plan of organi- 
zation or administration does not st 
with a simple announcement, but fol! 
it up with continuing explanations 
demonstrations of the manner in w! 
the new idea may be utilized to i 
vidual and general welfare. The s 
tist is apt to recount his discoveries ‘ 
few colleagues, then toss them out t! 
laboratory window to be picked up, us 
or abused by accident. 

Two important considerations appear 
in any discussion of the relation of t! 
scientist to the society of which he forms 
a part. First, it is to be said in repeti- 
tion of a previous paragraph, that whil 
unceasing efforts to publicize facts new!) 
acquired in the laboratory, to emphasiz 
their importance to the general welfar 
or to raise warnings against weakness 
and dangers in current practices may bé 
made many results of evident value must 
be available for long periods before the 
affect current practices. It is pertinent 
to repeat the trite pronouncement that 
if every person and all the people would 
follow definable and practical precautions 
all the major bodily ailments except 
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perhaps cancer and colds would dwindle 
into insignificance. 

It was inevitable that cries of ‘‘Science 
is a failure’’ should have been heard in 
the economic crises of the last decade. 
If the scientist will continue to claim that 
he is ‘‘remaking the world’’ these out- 
bursts are neither unmerited nor unjust. 
Now that the period of most emphatic 
eensure of science and of scientists for 
their futility, and in a time when re- 
searchers of all kinds are being called 
from appointed tasks to collaborate in 
technological plans for the national se- 
curity, Nobel prize winners, heads of de- 
partments in great universities, and 
research directors of great industries are 
indulging in optimistic prophecies and 
forecasts as to the benefits to be expected 
from current investigations. Pronounce- 
ments are shaped up into a ballyhoo, 
which discounts the possible, painful 
tedious advances of the next generation, 
and is an open invitation to the repeti- 
tion of acrid disappointments which have 
recently been so freely expressed. 

As a further prelude to the discussion 
of the subject of this article it should be 
kept in mind that science is essentially 
nothing more than systematized curios- 
ity. Primarily it means that it devotees 
continuously seek to widen their knowl- 
edge of the world about them, first by 
simple direct use of their own senses 
and by experiments, using such tools 
and apparatus as may be necessary. No 
serious objection can be raised to this 
form of learning, and it is widely em- 
ployed in education. Society has recog- 
nized the value of inquisitiveness in pro- 
moting culture, advancing civilization 
and in the development of industries. 
Laboratories, observatories and experi- 
ment stations have been founded, al- 
though never to a capacity to meet the 
full requirements of eager and able in- 
vestigators. 

Adequate or not, the obligation of the 
scientist is to make highest and greatest 
possible use of the facilities provided. 
The experimentalist must realize, how- 


ever, that the enjoyment of his oppor- 
tunities does not give him license to blow 
soap-bubbles. While no restriction can 
be safely placed on 
yet the tools of science find their proper 


ereative thinking 


function in securing results that will ex- 
tend knowledge with implied alteration 
of current generalizations or which will 
open new vistas. 

The following brief sketch of the cur 
rent activities in laboratories devoted to 
plant science will serve to illustrate the 
nature of the problems under investiga 
tion. The diligent reader may decide for 
himself whether or not the facilities, ex 
penditures and opportunities placed at 
the disposal of botanists, horticulturists 
crop disease fighters and plant breeders 
have been profitably used for widening 
knowledge and to the economic advan 
tage of society, which has provided them 

The recently observed centennial of 
the discovery of protoplasm and the 
recognition of the cell as the unit of liv 
ing material—both conceptions antedat 
ing the recognition of the molecule as an 
entity—serves to emphasize the fact that 
at this time when the physicist is success 
fully concerned with the resolution of 
the elements into constituent forms of 
energy or matter, such as electrons, neu- 
trons, protons, mesotrons, the physiol 
ogist is taking the living unit apart and 
variously manipulating its chromosomal 
particles. Once the elements or units of 
either living or non-living matter are 
thus taken apart, not all the king’s horses 
nor all the king’s men can put them 
together again. 

There has recently come into the field 
of the physiologist a form of matter, 
known as the viruses, with such extraor- 
dinary properties and with such dread 
importance as destructive agents as to 
make necessary the erection of a new 
category of organisms. Virus units are 
now regarded as single large molecules 
of a proteinaceous structure. These 
may unite with or break down proto- 
tlasm of cells which they permeate 
readily, but unlike catalysts lose none of 
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their energy. Propagation is by incita- 
tion, not by fission as in protoplasmic 
action, as the single large molecule may 
cause the formation of myriad patterns 
of itself. 

The plant pathologist, earlier con- 
cerned with the life-histories of fungi 
and bacteria and protozoa, which affect 
plants of economic value, now finds him- 
self coufronted with the still more seri- 
ous problem of protecting crops against 
the ravages of these viruses, which have 
eapacities for infection and damage 
widely unlike those of any organism 
previously encountered. Breeding of 
resistant strains, developments of im- 
munities by methods of cultivation and 
sterilization of soils, seeds and propa- 
gules are practiced. Some of the fea- 
tures by which immunity may be pro- 
vided by the plant are due to morpho- 
logical characters, while others rest 
upon undiscovered or indefinable prop- 
erties of protoplasm. Development of 
resistance to the viruses is the most 
difficult of all problems. 

In the four decades following the ap- 
pearance of Darwin’s ‘‘Origin of Spe- 
cies,’’ in which biologists indulged in 
voluminous essays on heredity, descent 
and evolution, with but little reference 
to living material, the Weissmanian 
hypothesis of the unalterable and un- 
changeable germ-plasm dominated all 
thinking, and not until experimental 
methods of study were fully adopted at 
the close of the century was it possible 
to escape from its thrall. The mutative 
departure in lines of descent as uncov- 
ered by the researches of the great 
Dutch botanist DeVries constituted the 
beginning of modern studies in genetics, 
the results of which have carried us as 
far away from that soporific dogma as 
has the use of the cyclotron from the old 
conception of ‘‘frozen’’ atoms. 

Led by a note by Charles Darwin as 
to some ‘‘fool experiments’’ he had 
made in injecting chemicals into leaves 
with the idea of bringing about mor- 
phological alterations the author made 
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some equally crude but successfy 
tempts to modify egg cells by inject 
zine salts into pistils in 1905. N 
Gager used radium emanations mor 
actly administered with more defj 
results. Many skilled experimenter; 
using various agencies have since 
duced changes in the nuclear particles 
or chromosomes, which vary in number 
from species to species from a few 
several dozen. These bodies undere 
mitosis, splitting into pairs, the halves 
uniting with fragments from other unit 
generally with final reductions so 
the ultimate cells carry the init 
number of chromosomes. 

Exposure of cells during mitosis 
various agents or unusual conditions 
temperature may result in 
multiples of the initial number of chro. 
mosomes, or the loss of some, may s 
down the action of some or speed up t 
action of others, with 
junctions, or may alter the insulating 
sheath of one so that it may be subj} 
to an unusual disturbance by anot! 
Now these particles are the actual phys 
eal bearers of the hereditary qualities 
and the offspring arising from such : 
tered chromosome complexes will not | 
like the parent plant and this unlike- 
ness may be passed on to its descendants 
Hybridization entails the union of par- 
ticles derived from the chromosomes o! 
unlike parents, and this action has long 
been utilized in securing forms wit! 
qualities of greater economic value. 

Taxonomy or systematic botany has 
been for the past century the most com- 
pletely static branch of botany. Class 
fication of the elements of floras or the 
plants of newly explored areas and 
alterations in I 


cells wit 


consequent dis- 


nomenclature have ab- 
sorbed most of the energy of the workers 
in this field. 

Species, instead of being regarded as 
unalterable lines of descent, are known 
to undergo changes from generation to 
generation based upon multiplication, 
loss or disjunction of chromosomes, in- 
duced by newly encountered conditions 
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or complexes of soil, seasonal variations, 
unusual radiations or animal cooper- 
ators. Many hundreds of species of 
seed-plants are now known which in- 
elude races or strains with atypiec chro- 
mosomal characters. The analysis of 
these and other complexities of genetic 
constitution promises the surest founda- 
tion for advance in studies of speciation 
and evolutionary derivation as well as 
for an intelligent procedure in the de- 
velopment of better fruits and grains. 
Perhaps no function of plant life ex- 
ceeds in basic interest the complicated 
process by which carbon dioxide of the 
air, water and nutrient salts are drawn 
in, bonded, compounded and made avail- 
able to be transformed into living mat- 
ter and all the complicated tissues and 
structures of organisms. Directly or in- 
directly such vegetable material is the 
food of all animals. The commonest 
substances of the soil are utilized. It is 
known that some rarer elements that are 
drawn up in the sap in minute propor- 
tions are necessary, but these, like potas- 
sium, magnesium and sodium, are 
widely distributed and are present 
wherever vegetation finds a foothold. 
The entire process of carbon conver- 
sion is chiefly carried on in leaves or 
tissues containing chlorophyll and is 
known as photosynthesis. The dissocia- 
tion of water or of carbon dioxide on 
catalytic surfaces by energy derived 
from absorbed light may be regarded as 
being a plausible generalization as to the 
nature of the process, yet it is to be ad- 
mitted that the results do not conform 
to the pertinent mathematical equation. 
The fact that a green plant may carry 
on the process for limited periods in 
darkness, and that a colorless flagellate, 
Chilomonas, has been demonstrated by 
Mast and Pace to be capable of carbon 
conversion and accumulation of starch, 
in a sterile culture of mineral nutrients 
in darkness and that a common mould, 
Aspergillus, uses carbon dioxide, sug- 
gests that protoplasm may have a fun- 
damental capacity for the necessary 
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catalyses, with whatever low level of 
energy may be available 

In the group of sulfur bacteria, in 
cluding several genera and many color 
less species, carbon conversion is carried 
on in darkness by the use of energy de 
rived from the oxidation of hydrogen 
sulfide, a necessary constituent of their 
nutritive medium. The purple bacteria 
of this group carry a greenish ‘‘bac- 
teriochlorin’’ (not related to chloro- 
phyll) and a reddish carotinoid, which 
absorb energy from light and carry out 
earbon conversion. 

The facts cited justify the inference 
that while protoplasm has a basic ¢a- 
pacity for the assimilation of carbon, 
the necessary energy may have been de 
rived from many sources in the evolu- 
tionary development of plants. that 
many light screens may have been used 
and discarded, that the pigments of the 
purple bacteria is an example of light 
absorbent mechanisms, however numer- 
ous in the past, are now of limited occur 
rence, and that the chlorophyll appa- 
ratus, the prevailing type of sun-screen 
makes available a comparatively enor 
mous amount of radiant energy for 
earbon conversion in green plants. 

That their entire supply of carbohy 
drates may be synthesized by chloro- 
phylless seed-plants, when their under- 
ground parts are associated with fungi 
to form mycorrhizae has long been 
known. About two hundred species in 
the heath, orchid, gentian and triurid 
families are devoid of green color. Their 
supply of carbon may be derived from 
humus products through the cooperat- 
ing fungi, and the possibility is not ex- 
cluded that the simpler carbon dioxide 
may be utilized. All forest trees have 
mycorrhizal root-systems and derive a 
considerable share of woody material in 
this manner. Here as in the case of 
nitrogen fixation by plants with root- 
nodules containing a symbiotic rhizo- 
bium the possibility that the bonding of 
this simple and important element may 
be carried out by the protoplasm of the 
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higher plant is heightened by the fact 
that some researches have yielded evi- 
dence that nitrogen fixation may be 
accomplished by seed-plants. 

Alteration of perspective to bring 
basic capacities of living matter into the 
foreground and development of new in- 
struments and methods of research, in- 
cluding the use of radioactive isotypes, 
the electron microscope and fresh tech- 
nique in cytological experimentation, 
may be expected to rescue the problems 
in earbon conversion and nitrogen fixa- 
tion from the stalemate in which they 
now are found. 

Protoplasm has a capacity by which 
it draws into its mass a wide variety of 
substances of inducing chemical com- 
binations beyond those implied in photo- 
synthesis and of converting the result- 


ing material into the colloidal state 
characteristic of living matter. Such 


accretions are the essential feature of 
growth. Increase in size has been the 
subject of innumerable observations. 
By compilation of measurements of 
rates of increase a curve has been plotted 
expressing the fact that in the growth of 
any unit, any organ or any individual 
plant or animal the rate is at first low, 
then quickly rises to a maximum, after 
which it falls off very gradually. In the 
ease of many perennial plants growth 
continues during the lifetime of the in- 
dividual, which may be as long as three 
thousand years in the big Sequoia of the 
Sierra Nevada. 

The newer researches on growth have 
been concerned with analysis of the 
physical conditions which make for the 
accretions to, depletion or repletion of 
the protoplast or of its organs, and to a 
study of the morphogenic procedure by 
which cells in the latter part of their 
eurve of growth may undergo differen: 
tiation into the tissues. So great is the 
activity in this field that a society has 
been organized to promote ready com- 
munication among the workers engaged 
and to support a journal for the publi- 
eation of pertinent contributions. While 
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both zoologists and botanists hav: 
joined in this movement it is cone 
that the generative cells of plants of 
the widest variety of opportunities for 
experimental study. 

This last consideration applies 
especial force to auxins or growt! 


moting and_ = growth-inhibiting sx 
stances, vitamines and respiratory 
ments, which may originate in one ; 
of the plant and be translocated to an- 
other, or which, as in the case of n 
trees, may be derived from the organ 
matter in the soil or may be furnis! 
by cooperating fungi with which 
roots form a symbiosis as in mycorr] 
The action of these substances has 
been compared to the secretions of 
ductless glands of animals with but slight 
enlightenment. As they are trans 
eated from the region of origin to neik 
boring tracts much after the manner of 
other organic material their 
tion as hormones is also misleading 
The growing points of stems and roots 
are of primary generative cells, t! 
growth of which results in increase 
length. Increase of thickness is pr 
duced by the division of growth of se 
ondary generative cells. The two tracts 
differ in their properties so that the in 
dolie acids simulating ‘‘auxins’’ 
or inhibits the activity of growing points 
in buds or roots and thus prevents elo 
gation, while cambium or secondary gen 
erative cells are stimulated. Growth 
length is facilitated by vitamines and b: 
several mineral elements derivable from 
soils. The conjoint activity of many of 
these substances is responsible for the 
orderly precession of organ-formation 
and for the completion of the processes 
of differentiation of cells into tissues 
such as vessels, tracheids, fibers, sieve 
cells, cork, ete. Such a well-knit pro- 
gram would result from growth-promot- 


designa- 


checks 


ing substances originating with the 
plant. However, when the roots of long- 


lived perennials such as trees are fur- 
nished growth-promoting substances as 
usually occurs in mycorrhizae, by fung! 
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or other organisms in the soil, seasonal 
erowth may be initiated weeks or even 
months in advance of any possible 
supply from the shoot. 

Some of the tropisms by which stems 
hend toward or away from sources of 
radiant energy or in direct or negative 
response to gravity make the implied 
curvatures by unequal growth caused by 
localized formation or accumulation of 
‘“anxins.”’ A wide variety of useful 
practices in culture and development of 
economic plants has been made possible 
by researches on growth, as regulated 
by auxins, vitamines and ‘‘trace’’ min- 
eral elements. 

The results cited above may be taken 
to exemplify tne content of thousands 
of contributions which embody the trend 
of investigation of the nature and action 
of organisms. The solutions of the 
problems obtained afford a basis for a 
better comprehension of the world of 
plants and animals and make possible a 
more intelligent adjustment by man to 
his place in nature. A material part of 
this adjustment finds expression in im- 
proved methods of agriculture in both 
plant and animal industries. 

About four thousand million acres of 
land surface may be profitably utilized 
in agriculture. While the population of 
the globe has doubled within the last 
eighty years to a total of well over a 
thousand million, the application of well- 
known biological laws makes it highly 
improbable that there will ever be as 
many as two thousand million people 
alive on the earth at any time. Agricul- 
tural products year by year and every 
year have shown a surplus, although 
local failures of crops have resulted in 
famines before supplies could be moved 
into the stricken area. 

Application of available knowledge 
as to growth, breeding and culture could 
be made to increase the yield two or 
even three times. Although these facts 
constitute a guarantee of material se- 
curity, to be recalled in any attempt to 
unsnarl tangled economic conditions, 


their recapitulation by no 
cludes all the factors to be taken into 
Certain technological activi- 


means in 


account. 
ties, political and sociological develop 
ments, present a much more complex 
problem for which an equation has not 
yet been found. 

Only reluctantly will scientists admit 
that any technological program 
beneficial in all its effects. It is a 
that any new mechanical device or 
any new conversion of material to an- 
other use is justifiable and contributory 
to the general welfare. Researchers 
whose pronouncements in their own fields 
of investigation are widely accepted will 
naively but boldly allege that new auto- 
matic machinery, new processes and all 
alterations in the use of basic raw ma 
terials are immediately beneficial. Noth- 
ing could be more fallacious. A new 
textile, a new alloy or a new plastic may 
impair the welfare of the inhabitants of 
regions widely distant. Two or three 
generations may live out their lives 
under stress before readjustment is 
made. ‘‘Survival of the fittest’’ is a 
fairly benign idea in comparison. 

The plant scientist in the laboratory 
and his collaborators in the experimen- 
tal field can sustain the plea of not guilty 
to this lack of comprehension of the 
serious consequences of diversion of raw 
materials. 

Early in the period during which a 
rapid increase in population occurred 
three fourths of everything used or con- 
sumed was derived from the fields, for- 
ests or from animals supported by them 
Despite varied utilization of wastes, with 
no deficiency even with the enormously 
increased population, this proportion 
has now fallen to about one fourth. The 
products of the coal-fields, oil-wells, 
quarries, salt deposits and mines are 
now being drawn upon heavily and 
processed to meet the requirements of 
material for tools, implements, machin- 
ery, power, textiles, houses, dyes and a 
vast array of compounds used in food, 
medicine and the industries. Three 
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fourths of human wants and needs are 
met by this material at the present time. 

The material thus drawn 
upon were accumulated in long geolog- 
ical periods, and would be replaceable 
only by a repetition of the conditions 
under which they were laid down. 
Whether these deposits may be 
hausted within a hundred or two hun- 
dred years is debatable. But presum- 
ably, since they are measurable, they are 
not inexhaustible. In their uncontrolled 
exploitation, accumulated savings are 
being used, while possible annual income 
from the farm and forest are neglected. 
It is true that much attention has been 
given to processing of surpluses of or- 
ganic material starch, 
wood, cotton, potatoes, fruits, 
hulls, stems, ete., but the portentous pro- 
portionate reduction in the use of farm 
products prevails. 

Greatly contributory to the condition 
implied are the political conditions 
which in connection with wars has 
started movements toward nationaliza- 
tion of industries. The present ten- 
dency is to the effect that every country 
should develop substitutes or find new 
sources for the raw materials ordinarily 
received in free from other 
regions in which they can be produced 
most readily. In statements as to the 
adequacy of the replacements careless- 
ness as to qualities and expense is of the 
commonest occurrence. Conclusions as 
to the failures of science may sometimes 
be traced to extravagant and inaccurate 
claims made by technologists and in- 
ventors. As an example it is to be said 
that since this manuscript was begun a 
false claim has been made that com- 
pounds have been found that may be 
used successfully in combating malaria 
instead of quinine, the principal supply 
of which is now processed in Java. Such 


stores of 


ex- 


such as sugar, 


beans, 


commerce 


a claim is not supported by reliable 
medical authorities. 

Another dangerous delusion as to sub- 
stitutes for rubber is being widely pub- 
licized. 


A number of plastics have been 
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made in the laboratory which have so, 
of the properties of the plant pr 
One is made mainly from derivatives 


erude oil. A few may be used in 1 
tires. All are laboratory prod 
None may be compounded in a fa 

as economically as plantation rub! 
Possession of the formulae for such ; 
terial is valuable and might mean m 
for national security. Their produ 
and use for special purposes to w 
they are better suited than rubber is 
course justifiable on fundamental 
nomic grounds. But since the consum; 
tion of rubber is steadily increasing 
rate which will soon reach twelve p 
annually per capita it is important t! 
widely distributed sources of supply 
in the case of sugar, be maintained at a 
times. The areas in which this mate: 
may be grown might be extended ma 
times without infringing on land suit 
able for the production of staple fo 
The survey of tracts suitable for rub! 
in Brazil, Guatemala and elsewhere | 
the U. S. Department of Agricultur 
ean be applauded as a wise measu! 
although somewhat belated.’ 

Not all the featues of unbalance cai 
be attributed to the blind zeal of tec! 
nologists, however. It is a well-re 
nized principle in most industries t! 
over-production should be avoided. N 
such rational procedure is to be expected 
in the greatest of all industries, agricu 
ture. For example, with the annual pr 
duction of cotton at all times adequ 
to the world’s needs, including all « 

1The above considerations apply 
guayule, the rubber derived from Parth 
argentatum, a small shrub native to nort 
Mexico and western Texas. A million p 


of raw rubber is turned monthly from 
shrub by factories in Mexico. About ten t! 
sand pounds can be produced daily by th 
tory which processes plants from an ex} 
mental plantation of several thousand acr: 
Salinas, California. The successful domes 
tion of this plant and the development of str 
in which rubber constitutes 21 per cent. of 1 
dry weight of harvested material is a notewort 
agricultural accomplishment. ‘‘ Emergency r 
ber’’ can be secured in one year after gern 


also 


tion of seeds and profitable crops in thre: 
four years. 
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versions, and with millions of bales of 
surplus stacked in yards and warehouses 
from the Imperial Valley to South Caro- 
lina, in Mexico, Egypt, Mesopotamia, 
Nigeria, India and elsewhere, heavier 
plantings are made. Here as in medical 
science practice of known facts would 
abolish important economic illness. 

The scientist has no power by which 
he may implement his disapproval of 
this blundering procedure. By the ap- 
plication of the results of his researches 
improved strains of many kinds of 
plants have been selected, bred or im- 
ported ; varieties suitable for different 
climates, regions and populations have 
been selected, and a never-ending fight 
in protection of crops carried with nota- 
ble successes, so that there is now and 
may forever be food and clothing ade- 
quate to insure the comfort and welfare 
of whatever thousands of millions of peo- 
ple are to be supplied. It is only neces- 
sary that such material move freely and 
speedily from the plantation to the con- 
sumer. It is to be admitted, however, 
that these efforts of the scientist, by the 
results of which famine in any part of 
the world might easily be averted, have 
contributed in no small degree to major 
disturbances in an economic system 
based in part on barriers to distribution, 
shortages in manufactured products and 
the nearness of want. Admission of 
guilt to such an indictment is accom- 
panied by no feeling of shame. It is to 
be pleaded in extenuation that the phys- 
ical standards of living have been raised, 
the enrichment of culture promoted and 
a wider awareness of the world about us 
achieved. 

Since research, invention and technol- 
ogy in general is fraught with such seri- 
ous possibilities, it will be of interest to 
note the current activities of the plant 
scientist. 

The centennial of the discovery of the 
cell, as the unit of living matter, finds 
him deeply engaged in an analysis of its 
organization; in the study of the inter- 
play of its minute parts by which the 


hereditary characters of t] 
mal are transmitted from 
veneration with attention 
tal and 
modifications of 


experimental co 
these charact 
specific influence of the ; 
mines and auxins, and the na 
viruses are to be determined 
ical procedure by which 

substances of the soil, air 

drawn into the cell and transforme 

the colloidal states of protoplasm are not 
to be regarded as understood until t) ey 
are capable of being expressed as mat} 
matical equations the minor factors 
which are being diligently sought 
power by which these operations are « 
ried out is derived by oxidation of 
ganic substances the formulae of wl 
are yet to be framed satisfactorily. St 
more remote is the fundamental capacity 
of protoplasm by which bonding in ni- 
trogen and of carbon is carried out in its 
The con 
these all-important 


complex colloidal mechanism 
both of 
but inert elements is increased by sup 
higher 


version of 
plementary processes in the 
plants. Nitrogen 
facilitated by the symbiotic cooperation 


fixation is markedly 


of a bacterium in root-nodules, while 


carbon conversion is enormously accel 


energy is made 


erated when radiant 


available by the 


screening action of 
chlorophyll! or other pigment, the process 
then being 
The included 
baffling problems to the 


Since these two phases of activities of 


known as photosynthesis 


reactions present some 


physiologist 


plants are vitally necessary to the ex 
istence and continuance of life they are 
due to receive increasing attention from 
researchers who employ new reagents as 
their effects become known, the products 
of the cyclotron as they become avail- 
able, new angles of approach as they give 
promise, and new designs in apparatus 


such as the electron microscope when 
they enable the inquirer to delve more 
deeply into the nature, structure and 


operation of living matter. 








MAUPERTUIS, AND THE PRINCIPLE 





OF LEAST ACTION 


By JEROME FEE 


WASHINGTON, D. C, 


Every action of nature is made along the short 
est possible way.—Leonardo da Vinci. 


THE principle of least action was dis- 
covered by Maupertuis in 1744. Three 
great mathematicians—Euler, Lagrange 
and Sir William Hamilton—contributed 
to the development of that principle. By 
the end of the nineteenth century, it 
could be said that the whole science 
of mechanics rested on this same idea. 
At that time, undreamt-of things lay 
ahead: relativity and the quantum the- 
ory were just around the corner; the 
mechanics of Newton failed completely 
within the atom; least action seemed also 
to fail, and then, by a sudden transfor- 
mation, became the cornerstone of the 
new ‘‘wave mechanics’’ which embraces 
al! the old mechanics and the new as 
well. It is not strange that the principle 
of least action is sometimes regarded as 
the greatest generalization in the realm 
of physical science. 

In its technical sense, the term ‘‘ac- 
tion’’ is not recognized by the dictionary 
or encylopedia. It is foreign to library 
catalogues. The principle derived from 
it is known only to a small group of scien- 
tific specialists. Clearly, some explana- 
tion is needed to reconcile the absence 
of all general understanding of this 
subject with the fact of its surpassing 
importance. 

There are 
strange situation. 


three reasons for this 
First, the idea of 


action is difficult to explain, as will, per- 
haps, be demonstrated in the course of 
this article. Secondly, the advantages of 
the principle, as applied to the solution 
of mechanical problems, were far from 
obvious. 


It has taken two hundred years 
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to recognize its possibilities. Thirdly 
the mathematical difficulties of proving 
that action tends towards a minimum, as 
distinguished from an extremum (either 
a maximum or a minimum), were for 
many years incapable of a satisfactory 
solution, 

The author of this principle, Mau 
pertuis, was one of the scientific leade: 
of the eighteenth century. His ow 
peculiar genius and remarkable energy 
combined with a dramatic environment 
gave his career a contemporary fam: 
which has seldom been equalled. To-day 
he is practically unknown, or is remen 
bered only as an object of ridicule and 
contempt. If the principle which he dis 
covered has waited overlong for recog- 
nition, there is a striking parallel in the 
fate of the author. 

The simplest way to approach the prin- 
ciple of least action is to consider, first 
some human traits which do not seem 
connected with abstract science. In our 
daily lives, particularly in our work, wé 
strive as far as possible to ‘‘save time and 
energy.’’ The expression is a common 
one. Let us look at this from a new 
standpoint: which of the two, energy or 
time, are we most anxious to save? Ar 
we willing to expend a vast amount o! 
energy, provided that our results are 
accomplished in a very short time? Or 
would we rather take an exceedingly long 
time, provided that the expenditure of 
energy is sufficiently small? The first 
ealls for great power, or energy per unit 
of time; the second calls for a great 
quantity of time per unit of energy) 
There is no recognized name for the lat- 
ter concept. We shall call it ‘‘rewop’’ 
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pronounced, rew-op). The derivation 
will be easily recognized since, in a sense, 
rewop is the opposite of power. All of 
us have known people who are inclined 
to be a little rewopful. 

If we examine the laws which prevail 
in the physical world, we find that when- 
ever there is more than one conceivable 
method of operation, nature follows the 
one in which the product of the time 
multiplied by the energy is the least pos- 
sible amount. Simple as this seems, it is 
the key to the solution of all mechanical 
problems. We have expressed it in 
mathematical form. It is merely another 
way of saying that nature saves both 
time and energy, but that she has no 
preference between the two. Great 
power or great rewop—it is all the same. 
She would just as soon save time as 
energy. 

There are many concepts similar to the 
idea of energy multiplied by time. Mo- 
mentum is one. It is mass multiplied by 
velocity. To grasp these concepts is diffi- 
cult for those who do not deal constantly 
with such things. On the other hand, it 
is easy for an engineer to think of mo- 
mentum. Usually, he will not even care 
about the mass or the velocity, separately. 
What he needs is the product of the 
two, expressed in centimeter-per-second- 
grams or similar units. He deals with 
forces; and this is the measure of a force: 
rate of change of momentum. 

Few of us can remember the time when 
we took our first tottering steps; walking 
upright, with great care and concentra- 
tion, on our two legs. Before we could 
do that, we must have acquired, some- 
where in the back of our heads, a very 
fair idea of momentum. 

It is different with energy multiplied 
by time. We have gotten along quite 
successfully in the past without this 
idea; as a consequence, our minds are 
incapable of fusing energy and time into 
a single concept. The first step, of 
course, must be to find a word for this 
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Unfortunately, it 
and no 


unfamiliar quantity. 
already has a name—action 
more unsatisfactory name could possibly 
have been chosen. What are we to think 
when a million kilowatt-hours of energy 
delivered in ten minutes is called ‘‘ae- 
tion’’; and ten kilowatt-hours delivered 
in a million minutes is likewise called 
‘faction,’’—and the amount of 
action! It was no slight scientific dis- 
aster when we missed our chance of eall- 
ing this quantity ‘‘entropy’’ or ‘‘en- 
thalpy’’ or some other incomprehensible 
word. 

The difficulty of grasping this new, or 
rather this old, concept which we must 
now eall ‘‘action’’ exagger- 
ated. One of the two or three books in 
English which go into this subject thor- 
oughly was written by the great English 
physicist, E. J. Routh. He states that a 
function representing action ‘‘expresses 
the whole accumulation of vis viva.’’ He 
must have known that the whole accumu- 
lation of vis viva (an obsolete term for 
kinetic energy ) is still nothing more than 
vis viva, or energy; while action is 
energy multiplied by time. 

Was Routh’s mistake a mere 
sight? If so, it is strange that Heinrich 
Hertz, the great German physicist, 
should have made the same blunder. 
Hertz writes: ‘‘It is difficult to see how 
the summation of energies existing at 
different times could yield anything more 
than a Rechnungsgrosse.’’ This is the 
German word for: an artificial quantity 
which is perfectly useless except for 
practice in arithmetic. Notice again the 
same idea of a summation of energy, 
when he was really dealing with an 
accumulation of action. This emphasis, 
placed on energy, is fatal to an under- 
standing of action. It is a mistake we 
are prone to make. In our ordinary use 
of the term ‘‘ power’’ we think of energy 
first and time second, although each has 
an equal share in this concept. It was 
for this particular reason that we in- 


same 


cannot be 


over- 
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sisted on the obvious fact that power is 
not more essential than its own inverse, 
rewop. Whatever else action may be, 
it is a partnership of time and energy in 
which neither can be emphasized a shade 
more than the other. 

For a truly profound insight into this 
matter, coupled with prophetic vision, 
we have the words of Thomson (Lord 
Kelvin) and Tait, written in 1879: 
‘*Maupertuis’ celebrated principle of 
Least Action has been, even up to the 
present time, regarded rather as a curi- 
ous and somewhat perplexing property 
of motion than as a useful guide in ki- 
netic investigations. We are strongly 
impressed with the conviction that a 
much more profound importance will be 
attached to it, not only in abstract dy- 


namics, but in the theory of several 


branches of physical science now begin- 
ning to receive dynamic explanations.’’ 

It is not my purpose to go into the 
present-day theory of least action. 


In- 
deed, the story of Maupertuis, himself, 
now demands our attention. But before 
leaving the scientific phase which is in- 
separable from the biographical, some 
account must be given of how this re- 
of Thomson and 

out in the new 


prophecy 
borne 


markable 
Tait has been 
quantum theory. 

Planck discovered that radiant energy 
(light, heat, and electricity) seems to 
travel in little units, or packets, of en- 
ergy, called ‘‘quantums.’’ Each particu- 
lar radiation has its own rate of vibra- 
tion,—so many cycles or kilocyeles per 
second. The energy in a quantum is not 
the same for waves of different fre- 
quency, but if we multiply the energy in 
a quantum by the corresponding time it 
takes for one complete vibration, the sur- 
prising fact is disclosed that in every 
ease the resulting action is the same 
amount. This definite quantity is 26- 
zeros-65420 erg-seconds of action; or 39- 
zeros-1817 kilowatt-hour-seconds. It is 
called Planck’s constant. 
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Heretofore, we may have been | 
by the idea that there is somethi: 
ficial, something unreal, about 
cept of action. Planck’s consta: 
crowning proof that Maupertuis’s 
covery pertained to something 
and everlasting. The 
ture of this concept is further 
by the fact that action is not re] 
is one of the few quantities wl 
left untouched by Einstein’s Th« 

We come, now, to the man, | 
Pierre Louis Moreau de Maupert 
born in Saint-Malo, in 1698. 
from a family of wealth and posit 


fundament 


was able at an early age to devote h 

to the study of science. At the 
twenty-five he was admitted to the P 
Academy of Science, chiefly by reas 
original work in mathematics. He w 
to London, in 1728, the year N: 
died, and became a member of the R 
Society. Thereafter, he became an ar 
supporter of the Newtonian theo 
gravitation, which was violently o; 
in France, where the ideas of Des: 
were considered invincible. 

In 1730, Voltaire wrote a lett 
Maupertuis, full of the lavish cor 
ments of the period; praising his si 
tific achievements, and asking for M 
pertuis’s confirmation of Newton’s t! 
ory. Afterwards, the two met and w 
friends for twenty years; together 1 
were responsible for the final aecceptar 
in France, of the Newtonian 
Maupertuis was appointed by the Kk 
of France to lead a scientific expedit 
to Lapland, where he measured an 
of the meridian for the purpose of pr 
ing that the earth is flattened at 
poles, as Newton had predicted. 

I have made little attempt to show t 
color and romance of a career which |! 
already acquired unusual interest. 


now approach a drama as strange as an) 
Two of tl 
characters have already been introduced 


in the annals of science. 


the third was Frederick the Great 


theor 


( 
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fourth Samuel 
mathematies, a 


and the was 
Koenig, professor of 
native of Switzerland. 

Upon Voltaire’s recommendation, 
Frederick the Great invited Maupertuis 
to take the office of president of the new 
Berlin Academy of Science. Maupertuis 
accepted the offer and went to Berlin in 
1740. 
first account of the principle of 


Prussia ; 


Four years later, he published his 
least 
action, 

It is significant to find that his dis- 
ery was made in connection with the 
theory of light, and was later applied to 
mechanics. Years afterward, Sir Wil- 
iam Hamilton, recognizing the analogy 
between light and mechanics, developed 
in a brilliant manner the mathematical 
correspondence between the two. His 
results were not fully appreciated until 
1924, when Luis de Broglie published his 
astounding theory of wave mechanics. 
Strange to say, Maupertuis—the man 
who helped to overthrow the Cartesian 
theory of gravitation—was himself de- 
ceived by Descartes’s absurd paradox 
that light travels fastest through the 
densest medium ; and, starting from this 


wholly erroneous premise, he made his 


greatest discovery. 

In 1746, Maupertuis presented his me- 
chanical theory of least action. Immedi- 
ately, a controversy arose concerning the 
new theory, in which Maupertuis found 
himself opposed by a former friend and 
fellow student, Samuel Koenig. There 
were, of course, others who denied the 
importance and truth of the new theory; 
Koenig, however, claimed that not only 
was the theory based on erroneous con- 
ceptions, but that Leibnitz had developed 
the same idea, long before his death, and 
had communicated it in a letter to Her- 
mann. This letter, according to Koenig, 
had fallen into the hands of a certain 
Henzi, from whom Koenig had obtained 
acopy. He presented a fragment of this 
copy to the Berlin Academy, and later 
sent a copy of the entire letter to 


Maupertuis. Naturally, Ma 
manded to know where the orig 
could be found, or what eviden 
was of the authenticity of 

which, if it were genuine, prove 
elusively that Leibnitz had ant 

his own discovery. 

Unfortunately, Henzi had since had 
his head cut off, having been convicted of 
treason to the state; and Hermann had 
preceded him to another world. Koenig 
was therefore without witnesses: 
unable to offer 
where the original letter might be found 
He confined his exertions chi fly to an 
attempt to prove that the theory was 
erroneous and value. Mau 
pertuis then put the matter before the 
Berlin Academy, and a formal demand 
was made upon Koenig by the Secretary 
to produce the original letter or other 
Months passed, 
at the 
instigation of the Academy and of Fred 
erick, 
the letter among the papers of Leibnitz, 
Hermann, or Henzi. Meanwhile, Vol 
taire took up the quarrel on the side of 


and was 


+ 


any suggestions as to 


without 


satisfactory evidence 
during which searches were made, 


to discover any possible trace ol! 


Koenig. 

There are two cardinal points which 
must be understood in connection with 
this famous episode. The first is, that 
Maupertuis’s title to fame for the dis- 
covery of least action was not even chal- 
lenged. Had Koenig succeeded in prov- 
ing the authenticity of his copy, it would 
not have detracted from the brilliance of 
Maupertuis’s achievement. As he was the 
first to publish, his place in history is 
secure. Newton and Leibnitz, for exam- 
ple, both discovered the integral calcu- 
lus; the two men were therefore of equal 
genius in this respect. Newton, however, 
was first to publish, and consequently 
deserves to be mentioned first in connec- 
tion with this branch of mathematics 
Napier is still the discoverer of 
rithms, although the Swiss, Biirgi, 
the same dijscovery at almost the same 


loga- 
nade 
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time, and published his results six years 
after Napier. 

The second cardinal point is this: 
From the nature of the circumstances, 
the burden of proof rested squarely on 
Koenig. He made the attack. Mau- 
pertuis could not by any conceivable 
form of logic disprove his positive asser- 
tion. To do so would be to prove a nega- 
tive. Consequently, Maupertuis had 
every right to demand some evidence 
aside from Koenig’s unsupported word. 
Even though Koenig’s chief witness had 
so completely lost his head, it still rested 
entirely with Koenig to refrain, or not, 
from an undertaking which profoundly 
affected the lives of all concerned, and 
did irreparable damage to Maupertuis’s 


name. 

Six months after the formal demand 
of the academy was made, no satisfactory 
reply had been received from Koenig. 
The academy then published a formal 
Exposé of the affair, signed by all the 


officers (except Maupertuis) and other 
members. Koenig was accused of an un- 
just attack upon Maupertuis’s reputation. 
and it was declared manifest that the 
copy had been ‘‘forged.’’ Koenig re- 
signed voluntarily from the academy. 

It may appear that the word ‘‘forged’’ 
was too strong. It has since led to the 
greatest confusion, and to make matters 
worse Maupertuis stressed the fact that 
the copy of the letter sent to him by 
Koenig did not agree, in an essential 
point, with the copy presented to the 
academy. As it turned out, this has so 
beclouded the issue in later years as actu- 
ally to injure Maupertuis’s cause. 

Any one who has followed the argu- 
ment thus far will recognize that Koenig 
was not charged with altering an original 
document or imitating another’s hand- 
writing. The word ‘‘forge,’’ as well as 
the French word from which it is de- 
rived, means ‘‘to produce or devise that 
which is untrue or not genuine’’; liter- 
ally, to fabricate in a forge. In this 
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sense, whether justly or not, Koenig , 
accused of having forged the copy of ; 
Leibnitz letter. It must be evident 
ever, that even if the copy were eg 

no man of judgment, or with a sense 
justice, would have made use of it, in 
circumstances. 

The facts so far related are 
proved. There are in existence in 
United States at least a dozen diff 
volumes, printed at the time, which ¢ 
the letters which were exchanged 
the arguments on both sides. 

Nevertheless, another version of 
story has come down through two cen 
turies—a version which owes its origi) 
to Voltaire, and may be called the poet. 
philosopher version. Thomas Carlyle, 
his strange and wonderful ‘*‘ Life of Fred 
erick the Great,’’ added his own uniqu 
seal to this account of the affair. |; 
modern times, indeed as late as 193 
Alfred Noyes has given us once again th 
poet-philosopher version. In his ‘‘V 
taire,’’ he writes: 

The younger philosopher, Koenig . . . tl t 
that Maupertuis was mistaken. The princip\ 
was untrue, he said, and the idea was not 
Leibnitz had discussed it in a letter of whi 
he had a copy. 

Maupertuis, who really does seem to have d 
veloped a more than Prussian arrogance, 
termined to crush the younger man out of 
existence. . . . He summoned the academicians 
whose salaries were paid by him. He told them 
that Koenig had forged a letter by Leibnitz 
and on the strength of his presidential posit 
he induced them forthwith to deprive Koenig 
his membership of the Academy 
moment Voltaire quietly lifted his hand 
made his own first move. He began by publis 
ing a quiet and courteous letter in defense of 
Koenig, simply but very clearly describing t 
act of despotic injustice committed by Mauper 
tuis, and at the same time deftly pricking t 
bubble of his great discovery. 


It is, of course, impossible to reconcil: 
an account such as this with the one pre- 
viously given. However, we may dismiss 
with a smile the closing remark about 
‘‘deftly pricking the bubble of his great 
discovery.’’ Alfred Noyes, poet, can 
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hardly be expected to know much about 
two-hundred years of scientific history, 
of which most scientists are ignorant. It 
is difficult, however, to understand why 
two such cardinal points in favor of 
Maupertuis as we mentioned earlier 
escaped his attention—two points which, 
together, make his cause futile and his 
logie worthless. 

Voltaire’s letter was answered by a 
letter from Frederick, himself, in defense 
of Maupertuis. Then, in 1752, Mauper- 
tuis published his ‘‘Lettres’’ which did 
not pertain to this quarrel, although 
there is a reference to it. The Letters 
were, rather, a collection of various scien- 
tifie studies intermingled with highly 
imaginative speculations which were 
written, perhaps, somewhat in the spirit 
of H. G. Wells. Some of his ideas have 
since been brilliantly confirmed; others 
verged on the absurd. This gave Vol- 
taire his great chance, and he was quick 
to seize it. In the same year, he pub- 
lished what Noyes calls ‘‘the most devas- 
tating satire of the century’’—the ‘‘ Dia- 
tribe of Doctor Akakia.’’ 

Macaulay has said that “‘of all the in- 
tellectual weapons which have ever been 
wielded by man, the most terrible was the 
mockery of Voltaire.’’ A perusal of 
“Doctor Akakia’’ bears witness to that 
fact. The full force of this terrible 
power was directed upon Maupertuis in 
an unmerciful and unscrupulous deluge 
of irony. 

One of the consequences of ‘‘ Doctor 
Akakia’’ was that Voltaire broke with 
Frederick and left the court of Berlin, 
never to return. 

There are certain facts which lead one 
to believe that the much-disputed Leib- 
nitz letter may, indeed, have been au- 
thentic. Leibnitz was familiar with the 
idea of action, as Maupertuis readily 
acknowledged. Even at that time, the 
term ‘‘action’’ was criticized as being 
wholly inadequate, and Maupertuis wrote 
“that having found this word already 


established by Leibnitz and by Wolff 
I have not wished to change the 

term.’’ According to D’Alembert, it was 

Wolff who first conceived of action. 

Leibnitz apparently made no use of 
the idea of action, unless it was in an 
attempt to develop a theory of the con 
servation of action, similar to the 
vation of energy. Many people have 
tried to prove that he conceived of the 
idea of least action. None of them sup 
port this by actual reference to any of | 
published works or recognized letters 
Within the last few years a French phi 
losopher, after profound study, has come 
to the conclusion that even if Leibnitz 
did not actually write the letter pre 
sented by Koenig, it was at any rate 
exactly the kind of a letter he would have 
written. Henceforth, he refers to this 
letter as a proved fact. Few of us, how- 
ever, would be willing to go to this ex- 
treme. It seems certain that if Leibnitz 
did write the Koenig letter he must later 
have abandoned the idea of least action 
as unsound, 

There is one question concerning this 
subject which has never yet been ade 
quately answered. What motives led 
Voltaire to turn with such fury on a 
friend he had known intimately for 
twenty years? The violence of his attack 
seems out of proportion even for the 
crime of which Maupertuis was conceived 
guilty. Indeed, Voltaire’s ridicule did 
not entirely cease after the death of 
Maupertuis, in 1759. 

Koenig seems to have been a man of 
sincerity and high purpose. Voltaire’s 
fame is founded on his love of truth and 
courage in defense of truth. Carlyle’s 
passion for honesty and justice is the key 


to his whole character. Noyes has an 


equal regard for the same everlasting 
Were they not all, however, 
deceived into thinking that Maupertuis’s 
discovery was an idiotic piece of non 


principles. 


sense, and hence that he was not entitled 
to the amenities of civilized warfare? 
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We turn now to a consideration of 
more recent times. The present attitude 
towards Maupertuis, however, can be 
understood only in the light of this 
ancient quarrel with Koenig. Voltaire’s 
irony has been more dominant than 
the supposedly clear and dispassionate 
record of the scientific historian. The 
scant mention—if any—which is granted 
to Maupertuis usually carries with it a 
faint but unmistakable note of scorn. 

A favorite accusation which has been 
repeated with parrot-like regularity is 
that Maupertuis was so engrossed in 
metaphysical speculations that no clear 
meaning can be attached to his vague 
and mist-like conclusions. As a matter 
of fact, he was far in advance of most of 
his contemporaries in this respect. It 
would be difficult, for example, to find a 
more modern or clearer expression of the 
relation between science and metaphysics 
than the following words, taken from an 
English translation of Maupertuis which 
appeared in 1734. They give also a 
glimpse of the intellectual pains, long 
since forgotten, which accompanied the 
startling idea of universal attraction : 

If bodies still continue to gravitate towards 
each other, why may we not investigate the 
Effects of this Gravitation, without diving into 
the cause of it. Our whole Business will then 
be to enquire whether or no it be true that Bodies 
have this Tendency towards each other; and if 
we find the thing to be a fact, let that content 
us for our deductions with respect to the 
Phenomena of Nature; and let us leave it to 
sublimer Philosophers to search into the Cause 
of this Tendency. . . . But some of those who 
reject Attraction, look upon it as a Metaphysical 
Monster and believe its impossibility so fully 
proved that however Nature might seem to favor 
it, it were better to acquiesce in total Ignorance, 
than to make use of so absurd a Principle. 


With regard to least action, Mauper- 
tuis makes it perfectly clear that in this 
ease, also, his essential Business is to 
enquire whether or no it be true. 

E. T. Bell once wrote, with regard to 
a certain algebraic expression, that any- 
one who could look at it and not be at 
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least mildly surprised must be an ‘‘; 
braic imbecile.’’ In the same way, 
must be a metaphysical moron n 
recognize the implications of the pri 
ple of least action for a divine Provid 
with which science, officially, cann 
concerned. 

Some such argument as this is nm 
sary to excuse the earlier part of 
article where no attempt was m: 
escape a metaphysical explanati 
least action, although care was take 
to spell nature with a capital ‘‘N.’’ 

A more serious criticism of Mauper 
is that even apart from metaphysics 
had no adequate conception of his 
discovery, and that his applications 
were merely trivial. There is, 
ently, only one book in English (a t: 
lation from the German) which gives 
account of the three 
Maupertuis worked out to illustra 
principle. We refer to Mach’s class 
‘Science of Mechanies.’’ It is far | 
ter, if one can do so, to read Maupertuis’s 
own words which give in concise, 


problems 


style his applications of least acti 
inelastic impact, elastic impact, and 
principle of the lever. 

If Maupertuis’s works are not availa! 
however, Mach’s book gives a fairly ¢ 
outline of these three cases. His con 
sions, nevertheless, as to their imp 
tance, and as to the importance of least 
action and Maupertuis’s contributi 
thereto, are entirely wrong. They 
ultimately be recognized as the most 
glaring imperfections in a book wi 
betrays unexpected limitations in n 
than one respect. 

To show how far Mach was from gras] 
ing this particular subject, he attempts 
to belittle the importance of least act 
by referring to another principle of 
chanics which is equally powerfu 
namely, Hamilton’s principle. T! 
principle well deserves to be called aft 


++ 


the great Irish mathematician, but it 1s 


r 








THE PRINCIPLE OF 


on’’ principle ‘Hamilton's 

has the dimensions: enere 

by time. Hence Mach has 
shown how the principle of | 


as in later vears to be recast into 


and perhaps more significant 


‘common to find a modern 
recognizes the importance 
lis’S analvsis One of the few 

done so is’ Richtmver, who 
his **Tntroduction to Modern 
‘Nearly two cen 

of reasoning which would | 


erect TO the Greeks. Ma 


} yt 
pel LIS 


; 


sed the law of least action 


ere seems To be a veneral im patien { 


Maupertuis because he 
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BENJAMIN RUSH 
THE FIRST MAN IN AMERICA TO BEAR THE TITLE PROFESSOR OF CHEMISTRY. 
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AN PROFESSOR OF ENGLISH, UNIVERSI OF 


ge campus of the University of Penn But into an 
ania, on which was held a goodly por- campus might 
of the sessions of the ninety-third ground and the sit 
nual meeting of the American Associa and Arel 
tion for the Advancement of Science, Is home of the 
not notable for its spaciousness. And it It was here, in 1740, tl 
seemed especially crowded during a week of Philade! 
of September, 1940, when some 250 ested in 
scholars, learned in the arts, the sciences, religion 
the humanities, came from all partsof the meetings 
world, including embattled Europe, to evangeli 
address nearly 10,000 fellow guests, who come in 


were there to help celebrate the two-hun not so warm as 


dredth anniversary of the founding of — rival in Philadelp!| 


the university. Ing was the large 

Yet it is not a small campus. All told, seventy feet by 
the university property in West Phila- erect it were raised 
delphia consists of 112 acres; but some barreled appe: 
130 buildings have been erected on the — serve for rel 
grounds, and they elbow each other charity selon 
closely and adjacent private homes and foundation 
commercial property. Besides, the build- sity has sel 
ings are not evenly distributed: included own founding 
in the campus are eight playing fields, a Although 
huge stadium and two large gvmnasiums ganized and 

all devoted to the more or less scientific lected, the 
pursuit of athleticism—and the well- and the next im; 
known Botanical Gardens, the most at in Philadelphi 
tractive portion of the grounds Beyond 1749 of Benjami: 
the city limits, the university has more ‘‘ Proposals Relatir 
breathing space In Chestnut Hill, on Youth in Pensilva 
the northern boundaries of Philadelphia, Was not a hast 
is the Morris Arboretum, site of a Gradu since 1743 had had « 
ate School of Botany - to the west, along ing education, 
the West Chester Pike, is the Flower Ob with his associate 
servatory ; farther west, at Valley Forge, proposals Tor an a 
are two farms, the site of a proposed practical A vai 
experimental college of liberal arts; and from history, 
northeast, near the Delaware River, are !aw, mercantile 
farms on which are carried on the activ mechanic arts 
ties of a School of Animal Pathology 1A picture 


year 177 
. c ; of the Sci 
embryology ) of the Wistar Institute the b. 


Anatomy and Biology the other : 


and important investigations (especially 


OD 
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rik OLD COLLEGE HALL OCCUPIED BY THE UNIVERSITY IN 18 


I Hit is \ WAS MOVED TO ITS PRESEN’ 


) 


cipally in English. He did include the with the Tories? As a result 
classics, but this, as he later pointed out, Assembly dissolved the 

was to conciliate prominent citizens whose — trustees and set up another 
educational ideas were more conserva to administer the college unde 


t 


tive. The result was the formation of a name, ‘*The University of the St 


board of trustees that took over the assets Penns\ lvania.’’ a proper title be 


and the liabilities—of the charity medical school had been added 
school, and at once started to select a The new trustees. of course. wer: 
facultv, which began tnstruction in 175] possession of all the college p 
in the remodeled chapel at Fourth and The action was strongly tinge 
Arch streets. The institution was only _ polities, and similarly political 
an academy, however, and the trustees act of the Assembly in 1789, whe 
had more ambitious notions. Hardly had — servatives had regained power, to 
it begun to function fully before a new the old trustees to their propert 
charter was granted, in 1755, incorporat privileges. The act of 1789 reestab 
ing **The Trustees of the College, Acad the college, but it did not exting 
emy, and Charitable School of Philadel 2 One result of the first provost ’s p. 


phia in the Province of Pennsylvania.’’ _ tivities was his imprisonment in tl 
Third and Market streets in 1758 f 


The next step in the organization of 
libel on the provincial Assem| 


the Univeristy of Pennsvlvania, at least 
, : : : x ruary to April of that vear lh 
as far as its name is concerned, was far jn the jail. For this and oth 
from happy for the young institution history and organization of 
Under its first provost, the Reverend Pennsylvania, the reader is ret 
William Smith, the college became closely tory of the University of Penns 

. ao . ; P. Cheyney, University of Penns 
identified, first during the last years be- 1660: end “The University ef Penns 
fore the Revolution, with the Proprietary gay’ © M. Dowlin. ed.. Universit 
party, and then, during the Revolution, — sylvania Press, 1940. 
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sity; and although Philadelphia chased al: 
hardly support one institution of — lots, served ; 
education, the two continued to until 1829 
m concurrently, the college at buildings 
th and Arch streets, the ousted uni Hall. bot) 
tv in the building of the American ance and 
sophical Society at Independence — took its place 
put 1791 reason prevailed By 1870 the 
under a new charter the two united had become 
ecome the University of Pennsy] following 
a for the pur 
The University of Pennsylvania, whic] Philadelphia 
s became America’s first edueational the Schuvlk 
ystitution to be called a university, eral Arts mov 
nued at the Fourth and Arel In 1874 the 
reets location, with some outlying anew Med 
pendencies for the Medical School, Hall ana 
til 1802, when, forced out by the University 
roachments of business — establisl 
nts, it moved to Ninth and Chestnut 
‘eets Its quarters here were the 
Presidential Mansion,’” a handsome 
ding erected for the use of the Presi 
ent of the United States in the 1790’s 
nen it Was expected that the Federal 
Government would remain permanently 


Philadelphia This building, pur 


2 weak oe OT 
ae 


_=— | 
, aX ra ua iS 


oe 


COLLEGE HALL, THE FIRST BUILDING ON THE PR 
OMPLETED IN 1872. IN THE FOREGROUND IS THE BOYLE STATUE 
ONCE STOOD BEFORI THE POST OFFIC! \T NINTH AND CHI 


CAMPUS OF THE NIVERS 
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**PRESIDENTIAL MANSION,’’ AT NINTH AND CHESTNUT STREETS 


> BY THE NIVERSITY OF PENNSYLVANI FROM 


ND OTHER ILDINGS OCC Pit 


early, inadequate physical equipment, is vote the rest of his life to scient 


the nature of the institution to which periment. Closely associated w 

in his investigations were Thomas 
kinson and Philip Syng, both of 
bos 


Benjamin Franklin in the middle of the 
eighteenth century lent his influence if 
not his name. It will be recalled that in’ were members of the original 
1748, the vear before he began 
Franklin had ciate was Ebenezer Kinnersley, 

1753 succeeded the first Enelish 1 


actively trustees set up in 1749 A third 


to promote the academy 
retired from business, intending to de- 


> 


**MEDICAL HALL’’ OCCUPIED BY UNIVERSITY MEDICAL SCHOOL, 1829-1874 
AS MANY AS FIVE HUNDRED STUDENTS. ‘‘ COLLEGE HALL’” WHICH ADJOI 


IT ACCOMMODATED 
** MEDICAL HALL,’* HOUSED THE COLLEGE OF LIBERAL ARTS. 
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faculty, one David Dove. whose accomplishments 


temper figures large in the eari physicist and as 


f education in Philadelphia 
her name to be mentioned espe 
connection with the scientific 
yhere that prevailed from the be 
is that of Dr. William Smith, 
rmy first provost Appointed i 
fter a long correspondence with 
n, Dr. Smith became provost in 
when the college was established. 
ding the deceased Mr. David Mar 
ho as head of the ‘ade bore 
tle of Rector. P 
| to teach logic, 


THE EVANS INSTITUTE AND SCHOOL OF DI 


7 


tural and moral philosophy, but natural — ciation 

philosophy was his especial interest A Worthy of espe 
apable mathematician and astronomer, son of Benjamin 
he ably assisted David Rittenhouse dur Dallas Bache, a 
ng the observation of the transit of nous writer on 
Venus in 1769, when the American as Was a president of 
tronomers placed the earth 20 per cent tion for the 
farther from the sun by finding the hori 

zontal parallax to be 8.6 seconds. And 

the second provost, the Reverend John 

Ewing, had similar talents, especially in 

engineering. He was very active in 

establishing state boundaries and in lay 

ng out highways. Still another name 

s that of David Rittenhouse, professor 


i astronomy and long a trustee, whose 
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JOHN MORGAN 
PROFESSOR OF HE THEORY AND PRACTICE OF PHYSICK IN THE FIRST MEDI L SCHOO! 
THE PICTURI S A CONTEMPORARY PORTRAIT BY ANGELA KAUFMAN. IT HANGS IN | 
HE SCHOOL OF MEDICINE O} THE UNIVERSITY OF PENNSYLVANI 
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of the National Academy of 

s, and also was prominent in 

k of the Smithsonian Institution, 
United States Coastal Survey and 
American Philosophical Society 

\lthough these men taught chemistry 
as well as physics, chemistry, during the 
first century of the university's histor 

te naturally is more particularly as 
sociated with holders of the professor 

p of chemistry, the first chair ex: 
sively devoted to that science to be estab 
lished in America This chair was set 
up in 1769, and its first incumbent was 
Benjamin Rush, M.D., author of the 
first chemistry text-book published 1! 
America and a man famous especially 
for his work during the vellow fever ep 
demics in Philadelphia, but also for a 
variety of medical interests that would 
astonish a modern specialist. Althoug! 
Rush was a member of the medical fac 
ulty, not all his successors were primar 
ily interested in the medical aspects of 
hemistry. Notable among these was 
Robert Hare, inventor of the oxvhvdro 
gen blowtorch and one of the first to 
build and operate an electric furnace 

Mention of Benjamin Rush naturally 
suggests a statement, which must be all 
too short, concerning the first medical 
school to be established in America In 
1765, the trustees appointed Dr. John 
Morgan and Dr. William Shippen, Jr 
as the first members of a faculty of medi 
eine. Other appointments followed im 
mediately, and the School of Medicine, 
of which this was the beginning, soon 
was attracting students from all Englisl 
speaking North America and even from 


Europe. Indeed, for nearly a century, 


the College of Liberal Arts remained 
essentially a local institution, largely be 
cause it was a strictly secular school 
which may have contributed to the sci 
entific atmosphere) without the support 
in students and funds that affiliation 
with a religious denomination would 
have provided. Its enrolment until the 
latter half of the last century rarely ex 
ceeded one hundred, while the medical 


pendent of 
scant atte 
SITV ¢clain 
pomted 
botany ul 
States eC} 
InVvestigatol 


and 


Cal i t 


NIVERSITY 


that thev deman: 


Joseph Lei 
John A 
parat 
Sa ana 
place rn thee 
sociation 
ence, or ] 
Academ) 
It isal 
can not 
ments 


School, the 


. 
Engineering, 


and the Sel 


ton School 
the College 
the School 
School, the 
the Veterir 


Press and 


0 


Giri 


’ 
cil 


the 
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latter being a division of the w 
known and active in the farthest 
of the world. All the schools or d 
ments just listed have been estab 
since 1875, but in many cases their 
vo back to far beyond that date 
other important school not ment 
heretofore is the Law School, the ] 
of which begins in 1790, when the 
tees established the first professors! 
law in America. 

Slight though those roots may 
been in the middle of the eighteent} 
tury, when a handful of students 
taught by less than a handful of pr 
sors, they have grown as the | 
States has grown, until to-day upy 
of 17,000 students receive instructii 
almost every branch of learning 
faculty of nearly 2,000 members 





MALONEY CLINIC The increase in faculty and st 


HOSPITAL BUILDINGS has been accompanied by the increas 
physical equipment that already 
been noted; but the increase in eq 
ment has not been a change mere! 
quantity. If subjects and methods 
instruction had remained the same 
ing 200 vears, classrooms and lect 
rooms similar to those of the old a 
emy at Fourth and Arch streets 
more numerous, would serve to 
Subjects and methods have chai 
however With the growth of the 
tion, contributing to that growth 
also resulting from it, has come the 
creased attention paid to the scie 
and changes in the equipment needed 
education and research 

To cite one example, Theophilus Gre 
the first professor of mathematics, doubt 
less emploved few aids other than pel 
and paper, protractor and dividers 
present the building of the Moore Sch 
of Electrical Engineering contains 


sixty-ton apparatus known as a diff 


ential analyzer, a complex mechanis 
THE ‘*PROVOST’S TOWER”’ of motors, gears, cams and pantographis 
ONE OF THE DORMITORY BUILDINGS, Since it was erected in 1935, this mac] 





SCIENCE AT AMERICA’S FIRST 


een solving differential equations, 
ling in one hour a solution that 
wise might require a week of con 
ated effort or perhaps could not be 
ned at all. 

to cite another example, in 1749 
amin Franklin rigged up two large 
en jars with which he intended to 
his Christmas turkey, but which ver 
\ killed him. The apparatus tor 
eriments in natural philosophy in the 
college was similar, though prob- 
less powerful, consisting of Levden 
s, electrostatic generators and vacuum 
mps. But to-day a part of the equip- 
ent of the Department of Physics is a 
Van de Graat generator, or ‘‘atom 
smasher,’” which in effect is a Leyden 
r and electrostatic generator capable 
creating a charge up to five million 
its; and a sixty-inch evelotron which 
vill develop much greater energy is 
bout to be constructed for the Depart- 
ent of Radiology in the School of Medi 
Such a force, if properly directed, 

ght well alter the course of history 


nd for the better, if American scientific 


orkers have their way 


BENJAMIN FRANKLIN AND THE SOCcIAI 
SCIENCES 

To the average lavman, the American 

Association for the Advances ment ot Sel 


ence 1S an organization concerned with 


the physical scelences or possibly with 


ul 


the biological sciences as well. And vet 
the association has standing committees 
on history, education, the social and eco- 
lomie sciences and even (though not at 
present on manutactures and com- 
merce. Because of this interest in the 
social sciences and also because the mat 


ter has never been explored, it seems ap- 


propriate to outline here the influence of 


Benjamin Franklin on teaching and re 


‘Carl Van Doren, ‘‘ Benjamin Franklin’’ 
| 


ew York: The Viking Press, 1938), pp. 16 


UNIVERSITY 
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search in the social scie 

States as that influe 

the curriculum at the 

Pennsylvania. Oddly enoug 

ence revealed itself for 

130 vears in the teaching 
Franklin’s ** Proposa 

largely concerned with 

English as a tool uset 

The pamphlet makes 

students’ reading was 

purpose of learning 

erature but for cult 

concise stvle whicl n eithe 

speaking, would be serviceabl 

vood citizen. ‘*To form their St 

Says, **they should be put 

Letters to each other 


of what thev read; or w 


Things in their own Words 


JOSEPH WHARTON other place: ** Indeed the gen 

R OF THE WHARTON SCHOO! Tendency of Reading good H 
must be, to fix in the Minds 
deep impressions of the Beauty 
fulness of Virtue of all Kinds, P 
Spirit, Fortitude, &¢.’>  Furthe 
‘*History will show the wondert 


fects of Oratory, in governing 
and leading great Bodies of M; 
and ‘‘Modern Political Orator 
chiefly performed bv the Pen abe 
its Advantages over the Antient 
respects are to be shown.’ 
significance, as will short 
the statement ‘*drrotius, 
and some other Writers 
Kind, may be used on these O 
decide their Disputes.’’ 

In fact Franklin considers that 
the entire curriculum, through the 


ing of Enelish by means of read 


be looked onasa part of the mst 


: , _ in English, for he asks, *‘ But if His 
HENRY REED > 
rANT PROFESSOR OF PHILOSOPHY be made a constant part of their h 
S PROFESSOR OF ENGLISH LITERA I ing . may not almost all Ku 


rAUGHT NOT ONLY ENGLISH AND PHILOSOPHY BU useful Knowledge be that Way 

ALSO P CAI CONOM i WAS ONI i HI ae 

— ae. ae wo see due’d to advantage, and with P 

FIRST TEACHERS OF rH SOCIAI SCI r . yo? ry » 3 
to the Student! Then follows a 

\MERICA, BUT HE WAS BEST KNOWN FOR HIS ; 

TURES ON LITERATURE, BEING THE FRIEND list of useful subjects, beginning 


WORDSWORTH AND THACKERAY geography and ending with ‘* The 
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Commerce, Ot Thre inventio 


Rise of Manufactures, Provress 


Change of Seats, with the Rea 
Causes, &¢ 
might be argued ‘rv reasonably 
Franklin himself did not associate 
st all kinds of useful knowledge”’ 
the teaching of English: that |] 

nerely passed with a hasty trans 
from the reading that would impro 
stvle of English composition to the 
ns ' history, political economy, 


rnational law and even geography 


LOGAN HALL, OCCUPIED BY 17 WHARTON SS 


But let us turn to the university cata Mora 


+) 


ogues to see what thev reveal concern tion 
¢ Franklin’s views as actually put into Senior 
In the catalogue for the aea taugl 
emie vear 1828-29, the oldest in the vealed 
University Library, we find the complete and Polit 
curriculum, arranged according to the SIt1o1 


professors who taught the courses. There By 


S a professor of mathematics, of lan 
guages, of natural philosophy, a_pro- 
lessor ot moral philosophy the pro 


ost), and an assistant prot 
| oral philosophy. What the latter Two 


essor 2) 
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ate that English courses were the 

le for mstruction in subjects rang 
from geography to history and politi 
science ; rather, perhaps, that a sma 
lent body and a small faculty obliged 
philosophy professors to teach every 

that did not fall to the professors mora 


languages, mathematics, or 


» 
natura Reed 


losophy. partie 
But if we turn to the catalogue for curri 
1832-33, we find that a change has taken 


ce The courses, the ean be called 


A CORNER OF THE DORMITORIES OF 


that, are essentially the same. However, added t 
instead of being listed by professors, Freshmen 
they are labeled Mathematics, Classics, the university 
English, ete., and the interesting point were aware 
to observe is that the courses assigned in through read 
the earlier catalogue to the professor and lis! 

assistant professor of moral philosophy and 

are now classified as English; for in was the resul 
stance, the provost’s course for Seniors Franklin’s 
appears as: ‘‘English. Evidences of to sav here 
Natural and Revealed Religion. Intel- The q 
lectual Philosophy. Law of Nations and did tl 
Political Law, (Kent’s Commentaries history 
English composition Forensic diseus 
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\ PORTION OF THE BOTANICAL GARDENS OF THE UNIVERSITY 


ik B LDIN(¢ oO HE REAR Is I } OMY WING OF rH MEDI 0 ORIES 




































































( 






























SCIENCE AT 








it, we will Jump to the catalogue 
74, in which, as for many vears 


erammar and geography co) 


| the entranes requirements 7 


E sh: and although the curr m 









\ 


Science (Carey 


the passage of some thirtv vears 
. volved shia] tly Tf Ss wt ecleal 
nizable as the same. These are the 


ish st COUPSeS 


Elements of Rhetorik B ] 
Lectures and Practical Exercises. | e's 
yy of the I 


Composition nd Dec mat ns 





The catalogue does not directly na 
ate who conducted these COUPSeS but 


e can assume that the work was divided 


between Provost Charles J. Still pro 


fessor of history and English literature; 


hn G. R. MeElroy, adjunct professor 


Greek and history who had once 


ld the title otf assistant protessor 


hetorie and history); and Samuel M 


eveland, professor of rhetoric and 
ratory 


The catalogue for 1873-74 was selected 


re because the Senior required course 


English for that vear included ** Social 


H. C. Carey, ‘‘ Principles o Son | Selence 


vols., 1S58—59 


and because in the 
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HAMILTON WALK GATEWAY SHOWING THE ZOOLOGY BUILDING 


students, well trained in English and cer- munity, both as honest and con 
tain other cultural subjects, would learn, business men and as public sel 


through the study of history, political Of eourse the offer WAS accepted 


economy, law and mercantile practices, a result the first university scho 


to become useful members ot the eom voted To the soclal sclences, in hot} 


THE HOME OF THE WISTAR INSTITUTE OF ANATOMY AND BIOLOGY 


AND ITS FAMOUS RAT COLONIES. IT WAS FOUNDED IN 1892, 
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etical and practical aspects, was 

led 
radical change, however, in the 
ition already given in the univer 
S followed Professor Thompson con 
ed to be professor of social science, 
ng the same course to Seniors in the 
College of Liberal Arts But in the 
Wharton School announcement for 1881 
8? this course broadens out into a series 
ourses, given only in the Junior and 
Senior years, on ‘‘History and Fune 
ns of Money’’; ‘*Municipal, State, 
and National Taxation’’; ‘‘Industry, 
Commerce, and Transportat ion’’: ** Wage 
The Relations of Capital 
‘Lectures on Living 


) lestlons 
and Labor’’; and 
Issues.”’ such as Socialism, Communism. 
and free trade and protection—all of 
them matters, we may be sure, that Pro 
fessor Thompson had treated in the 
original course in social science 
Professor Thompson continued to be 
the principal teacher in the Wharton 
School (his only colleague was an in- 
structor in accounting) for but two 
vears For reasons that we can not 
explore here, he retired from the faculty 
of the school and accepted the appoint 
ment to the now vacant chair of history 
and English literature once occupied by 
Provost Stillé, and his work was taken 
over by two new appointees, Edmund J. 
James, professor of finance and admin 
istration, and Albert S. Bolles, profes 


sor of mercantile law and _ practice.* 


‘It is significant that a third appointment to 
the Wharton School faculty in 1883 was that of 
john Bach MeMaster, the historian, to a new 
ir of American history The first volume of 

s ‘*History of the People of the United 
States,’’ appeared in that year. Something of 
the importance of Edmund J. James with r 


ect to the social sciences in Ameriea is indi 


cated by the following: ‘‘ James, Edmund Janes, 


1855-1925. American economist and educator 


Ph.D... Univ. of Halle). was professor of publ ‘ 
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ton School am 
ing vear, 1S83—4 
ence is dropped 
names are vive — 
litical Econor P ~ 
‘History of Tra Ml 
Commerce,’ et H 
of the text-books 1 
Ing one Dy Thor 
that the new professors | 
foundations It is . 
these foundations, on wil has 
been erected an il :. nel 
to the social sciences. reach as deep 
Franklin’s ‘* Proposals 

It has often be: 
his later life Franklin showed s 
terness because the manne! , 
the early trustees of vhat e } 
University of Penns 1 ignor 
proposals for the 1 | rm! 
subjects bv means « i) =! ! 
the classics a too prominent part 
eurriculum As far as actual | 
Instruction are concerned, his hos 
perhaps was Justined Dut t ~ 
nevertheless, that his ideas possess 
markable vitality That thev cor 
to be put into practice ol atte 
death and even until to-da Ss re 
by what seem to us the strat 
tions appearing t| sit 
logues of the last 
hnance na ad st 
Sehool of 
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PROGRESS IN FOREST FIRE CONTROL 


By GEORGE M. GOWEN 


ig drier the fuel and the better the 
ft the easier a fire may start, the 
ter it burns and the more difficult it 
sto extinguish. In these respects forest 
s are comparable to fires built in a 
nlace or stove 
Dryness of forest fuels depends on 
r moisture content. In turn moisture 
mtent depends on the amount and dis 
tribution of precipitation, the current 
relative humidity, evaporation rate and 
nsolation 
Local analyses of weather records, par 
ticularly in the West, where a large por 
tion of the national forest area lies, indi 
eate that precipitation in the forested 
areas has not only varied from year to 
vear but also has exhibited distinet wet 
and dry per'ods or cycles. It appears 
that we are now in the driest of these dry 
eyeles and that the general trend of pre 
cipitation is still downward. In addition 
to a general decrease in the annual pre 
cipitation, there seems to be a growing 
tendency for the distribution of the rain 
which does fall to be less general in ex 
tent as compared with past vears. The 
records also indicate a general rise in 
temperature, slight, perhaps, but enough 
to influence fire danger to some extent. 
Since precipitation is the basic source 
of the water content of forest fuels, it 
seems reasonable to expect that deficien 
cles in precipitation will result in drier 
forest fuels and consequently greater 
seasonal fire danger. The probability of 
forest fires covering larger areas and 
causing greater losses, of course, in 
1A discussion of the interrelationship of the 
several phases of forest fire control appeared in 
HE ScriENTIFIC MONTHLY for July, 1939, pp. 
21-30, ‘‘ Forest Pyrology,’’ by H. T. Gisborne, 
senior silviculturist of the Forest Service. 


neriy wiverse 1 l 

trol fires Thre 1) 
miuillior res W 

the United States has nl 

SISTenti\ itt if t i 

in index the al b 

lion acres protect 0 . 

lable 1 illustra . ress 

tion bv 5-vear yy < 


v10-1914 s 
1915-1919 oc 
1920-1924 

1o2 1920 “ 
1930-1934 

1YB5—10R0 

1840 o y 


A single vear of 
IS not sufficient to identify the contin 
success or a tailure of fire-contro!l ef 
However, in 1940 the more unfavorab 
fire weather, abnormal number of fires 
and concentration of large numbers 
hghtning fires in certain areas combine 
to produce a situatior ! whiecl i! 
losses might ordinaril have bee 
pected 

During one 13-day period in 1940 
July 11 to 23, the Northern Rocky Mow 
tain Region was showered with ove 
1,700 lightning fires. This was twice th: 
number ever previously experienced in 
any area and three times the total pre 
viously recorded in the 28,000,000 acres 
of the Northern Rocky Mountain Regio 
in so short a period The gigantic task 


of assembling men to handle such a large 

















DELIVERY OF SUPPLIES! 
FIRE FIGHTING SUPPLIES ON SIMPLE BURLAP PARA 
CHUTE. THE STREAMER ALLOWS GROUND FORCES 
rO LOCATE THE LOAD READILY WHEN IT DROPS IN 
HEAVY COVER. 


suppression job, transporting them to 
the fires and supplying them with tools, 
although 
seemingly The 
1,700 fires were controlled with a loss of 


equipment and_ subsistence, 


impossible, was done. 


but slightly over 7,000 acres. 

Except for the steady advance that has 
occurred in the various fields of fire con- 
trol, the 1940 story might have been quite 
different. have 


Losses might increased 


1 Photographs by of U. S. Forest 


courtesy 


Service. 
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t} recore 


substantially. Instea 


approximately no increase ove 
vious 5-year average. Increase: 


tiveness in preventing fires fron 
ing, in putting them out while st 
and in promptly controlling thos: 
escape the initial attacking forces 
resulted from continuing efforts, t] 
techniques 


the years, to improve 


devise new methods of meeting t] 
problem. 

The old saying ‘* An ounce of 
tion is worth a pound of cure’’ 
doubly in the case of man-caused 
Almost 50 per cent. of the 17 


fires occurring annually within th 


fires. 


tional forests are of this class. (¢ 


and closer analyses of the causes of 
vidual fires and the underlying r 
behind them have, in many 


cases 
mitted remedial measures to be ck 
and applied. Such measures hav 
resulted in a reduction of the total 

ber of man-caused fires, but they | 
been effective in materially reducing 
fires and 


ratio between numbers of 


‘ 


number « 


constantly increasing 
users and visitors 
The total number of fires is mue! 
large and presents far too great a thi 
of loss. To reduce this total to a 
mum and hold it down, is the goal of 
COTS 


how 


be careful has been an important part 


prevention. Education in what 


tutes carelessness with fire and 
fire prevention work. It is a continu 
job, because of new users and the 1 
generations who will become future 
est users, 

Positive 
railroad, highway and power line right 


measures—such as clear 

of way, use of spark arresters on aut 
motive and steam equipment, provid 

prepared camps for the camping pub 
and regulation of the time and place 

burning debris—have had their effect 
holding the number of 
below that which would have occurred 
sustained efforts in this direction had 1 
been made. 


fire starts 


Incendiary fires, those w 
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started with the intention of de 
ng the forests, are probably most 
lt to prevent. A strenuous attack 
problem in one area, however, 
ed a reduction from well over 200 controlling fe 
fires a vear to less than ~0 combinations of 
e organization needed to cope with and weather ¢ 
fire problem varies with the fire tools and operat 
ver. Current measurement at estab vanizinge and 
shed fire-danger stations of the factors ciently Ada 
fluencing fire danger, and integration within the past «i 
these factors, together with fire control men 
ither forecasts supplied by the U.S fewer « 
Weather Bureau, provide a day-to-day As in 
basis for setting up an adequate fire human endeavor tl 
rganization. It has been evident that constant 
s system which permits the adminis- demand 
trator to know in advance what fire action on 
weather has be expected and to take pre in the earl 
arranged steps to meet the predicted — hours of 
has helped to reduce the fire the large 
trol line, 
Success in fighting fire depends on all — the loss and « 


those engaged in the job doing the right is growing | 


PARACHUTE JUMPER ON HIS WAY TO A 


NOTE SMOKE OF FIRE IN LOWER RIGH FOr 
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cases permits the demanded increase in strongly built plows, have 

speed of either the attack or the control widespread use in building th: 

of the fire on the larger fires, even in 
A large mileage of forest-protection mountainous areas Such eq 


truck trails (roads) built for fire-protee permits a fire line to be built a 


tion purposes in the past vears by the taster rate than could be accor 
Forest Service. the CCC and under emer by man-power. It also reduces t] 
gency programs permits many fire power requirements and is not s 
guards to be motorized and to reach fires progressively decreasing produ 
In minutes instead of hours as formerl\ sulting from fatigue as men alon: 
when they had to travel by foot or horse be. As an example, in one natior 
Portable radio equipment enables the est region in the past two summe 
guard to call back promptly from the tors constructed some 400 out of 
fire In case help is needed or to let head of approximately 1.500 miles ot 


+ 
| 


quarters know that he is able to control on all fires which oceurred in 


the fire alone. Forces of men needed for Large logs are removed easil\ 
suppression work are now transported by _ fire line or adjacent to it by the 
truck or bus over these roads to points as Formerly logs had to be cut in s 
near the fire as possible. Previously it and rolled out by hand, a slow and 
was often necessary to hike for hours and ous process, often impossible in th 
sometimes days to reach the scene of a of a fast-running fire 
fire. Perhaps the most spectacular 1 
Tractors, with a dirt-moving blade at zation development in fire contro 
tached in front or dragging large’ use of the airplane. It has been a 


PARACHUTE JUMPERS AND TWO TYPES OF PARACHUTE 
PROTECTIVE SUIT AND SPECIAL PARACHUTE SHOWN ON THE BACK OF THE MAN TO THE 
PARACHUTE ON THE FRONT IS OF STANDARD DESIGN, WORN AS AN ADDITIONAL SAFETY 
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FIRE DANGER RATING STATION, KANIKSU NATIONAI 


to several distinct fire control purposes. rather than to wast: 
For about two decades the airplane has a 12-hour shi 
been used after lightning storms or dur rough terrain j 
ing hazy or smoky periods to search for tions from the 
small fires which may be burning in areas _ tant fire line 
not visible to established lookout stations fact that need 

For several years the airplane has been — placed on 
used to drop supplies to suppression livery of e 
forces who are fighting inaccessible fires Is assured 
or isolated sectors of large fires. By During the fir isons of 1939 
means of simple inexpensive burlap 1940 a total of o 900,000 
parachutes all types of needed supplies, food, tools and 
tools and equipment are dropped to the by parachute 
fire fighting forces. Short-wave radios States hours and 
to permit communication between the mules could hay 
forces on the fire are dropped success- plies 
fully and without damage. Even crates When the o 
of eggs and prepared hot meals are de- ona national fors 
livered to the ground forces. Water is cient overhead 
dropped in 5-gallon tins for thirsty fire able to direct th 
fighters on ridge tops far removed from employed for the 
springs or streams ers needed to w 


; 


One of the most important advantages can be recruited 


of delivering supplies by airplane is that centers in a re 


it enables the forces to bivouae on or near overhead must be 
the fire line where the work is located or even distant 
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TRACTOR TRAILBUILDER BUILDING 
fruitless to place laborers on a fire unless 
trained and experienced men to direct 
their efforts accompany them 

Speed in getting overhead to the fire 
must equal that of recruiting the labor 
The to 


As an example, when last season 


ers. answer this is airplane 
travel. 
500 laborers additional were required to 
control a fire, it was possible for the 
laborers to assemble and to reach the fire 
within a few hours to be available for the 
next The 50 re- 
quired to direct these men were not avail- 
but by 
plane from national forests as far as 590 
than 4 
automobile, bus or train travel had been 
relied upon, this not 


have arrived for at least 12 to 24 hours 


work-shift. overhead 


able locally were transported 


less hours. If 


miles distant in 


overhead would 
and would have required a rest period 
from the travel before they 
would have been capable of carrying out 


fatigue of 


their assignments on the fire 
Parachuting men to fires in inaccessi- 

ble areas is a recent development which 

has attracted much attention. Through 


MONTHLY 


Pe 


ae Fe ree 


FIRE LINE, LOLO NATIONAL FORES 


extensive experimentation the tech: 


the cies 
location and the development of prot 


of parachuting, landing in 
tive Jumping suits, guidable paracl 
and featherweight radios for use by 
jumpers have been developed. <A 
which would require many long hours 
hiking over mountain trails or thi 
cover ¢al 


well-nigh impenetrable 


reached in less than an hour by a 
fighter floating down from a plane 

saving in time, this increase in spee 
attack means that one or two parac! 
jumpers can often reach and contr 
location while 


fire in a dangerous 


still small. Horse or foot travel to sin 
larly located fires would inevitably res 
in a much larger fire, burning for d 
attendant | 
damage and great expense to contro! 


In 1940, on a more or less experiment 


instead of hours, with 


basis, two-man fire fighting crews pa) 
chuted to nine fires which were in es} 
cially inaccessible and dangerous ar‘ 
existing conditions fir 


where under 


would spread rapidly and become lar 
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isuial suppression 
them Parachute 
reach some ot 


} } 
rr” i@ss (dra nary mnwtes | tTrave 


have taken Prom 24 to Hi) hours 


emaining fires a 
re reached in 
s, resulting im sin 
an example, on 
20. a lightning 
d by rain hit 
er District in 
ntain Region 
es were started in 
e were but 11 me 
handle the fires. Four paracl 
rs were dropped to two ol 
with the result that they control 
fires when still less than one quarter of 
acre each. Six of the remaining 14 
es were quite comparable in all re 
spects to the two which the parachutists 
attacked, except that they were more 
readily accessible to roads. These fires Although 
burned from 100 to 1,000 acres each and been made, tl 
from $2.000 to $13.000 to control as A loss of 318.4 
ompared with the two fires controlled burned area 
the loss in 10 vears of ove) O00.000 


; 
OS 


at one quarter of an acre each by 


r nat 


smoke jumpers at a total cost of less than too grea 

$500. It is conservatively estimated that sources to 
eround forees had been depended ests burn 

upon, the cost of suppressing the nine until the 
fires attacked from the air would have ished and: 

amounted to no less than $32,000 as con nized as 
trasted with $9,047, the total cost of 

maintaining the parachute suppression 

forees for the full season. Actual sup 

pression of all these fires cost only $2,250, 

excluding non-firefighting time of the 

men when engaged in other work and 





ANT MOUNDS IN SUMMER WOODS 


By Dr. E. A. ANDREWS 


EMERITUS PROFESSOR OF 


ACCORDING to the old fable the grass 
hopper came to the ant to beg food which 
the up 
for the future while the grasshopper had 


And in the 


scriptures we read that the ant ‘‘having 


industrious creature had stored 


spent the summer singing 
no vuide, overseer or ruler vet stores up 
Yet this is not 


true of all sorts of ants and if we 


its meat for the winter.”’ 
take as 
example the kind known as the mound 
building ant of the Alleghanies, or to the 
as Formica 
will soon find that 
is with its daily bread, with no reference 


entomologist exsectoides F 


we its chief concern 
winter, and indeed we 
that it 

that 


the 


to storage for the 
to 
fine house and family 
kind of 
winter 

A mound such as seen in Fig. 1 


its 
this 
the 


will come realize is only 
insures 
ant against terrors of 


often 
swarms with ants much of the summer 
time ; ants all running at such speed that 
the camera fails to show them, each work 


ing quite separately, here and there on 
the roof of their great community house, 


FIG. 1. AN ANT MOUND 


SINCE 
MADE THEIR GREAT 


ZOOLOGY, 


MADE 
THE CHARCOAL BURNERS CUT THE FOREST NEW 
MOUND DARK WITH BITS OF CHARCOAL. 


2 


rHt 


OHNS HOPKINS 


which is so vast as compared wit! 
itself that the Reverend H. Met 
culated the great pyramid of Che 
small work for man, in comparis 
see each ant struggling up the sk 
ten times its lenet 


mavbe a stick 


up in its Jaws, as if a man earried 
maybe a stone 

bulk and weight, but if not to be 
then behind the ant 
straight backward 
Whether near the top, over the toy 
this side, the ant suddenly rel 


phone pole, or 
dragged as 


»f ra 


and ve 


burden and runs down for a new 
Objects are picked up from fift 
to add 


Ill 


roundabout and brought 


mound which thus becomes, 
view, Fig. 2, covered over with sm: 
like 
museum of what can be found 
Though thus gather 


by bit by ants seeming to have no ki 


jects of kinds looking 
of 


neighborhood. 


many 


edge of the works of the others, 
mass takes on the form we see in an 


elass where the sand falls from a « 


CHARCOAL 
AND THE 


PARTLY OF 
TREES HAVE SPRUNG UP 
THE SIX-INCH RULE GIVES THE S\ 


530 


ANTS HA 


4 





ANT 


But for all this work the 


and 


above. 


just eat: ancient wisdom in 
s us that the ants 
vet they 


summer. ”’ 


* are a not 
their 


the 


people 
prepare meat in 
Follow ants tar 


rh and you may see the way meat 


some or many ants mobbing a 
or insect, eventually killing it and 
ving it back to the mound, where it 
mans 
the 


ants bring 


st to sight in some of the open 
the bottom of 
it is the liquid food the 
ome that 
in be traced 


round mound 


is their chief staple, and this 
inhabited by 


that the 


to some tree 


ant-lice or other Insects suck 


ip and give out what is known as 


‘honey-dew,’’ of no use to them but wel 
omed by the ant as a substitute for milk 


Zach ant becomes gorged with honey- 


ew, and coming down the tree weighs 


third more than when he went up 


All food, however, is not long held as 
private property, but it is shared with 
those who have less, till the entire com 
munity profits. Among the beneficiaries 
ire the 


from eggs laid by the few mothers, known 


numerous ants coming 


voung 
as ‘‘queens’’ who alone supply the com 
munity with new members to be fed and 
eared for by the working ants, which may 
also builders and providers 

For the eggs and voung certain tem 
and here the ant 


If we put ther- 


peratures are necessary, 
seeks the aid of the sun 
mometers into a mound, as in Fig. 3, we 
find out that the top is the warmer part, 
the cooler and other 


the north region 


parts varying as the day advances and 


the sun shines on different parts succes 
while at night all grow cooler, but 
the earth, 


since, as in our houses, there is stored up 


sively : 
not as cool as surrounding 
heat under the tight roof, lasting on into 
the next day 

That the ants do not only 
warmth of the but prefer 
temperatures than 


utilize the 
sun certain 


others, Is 


rather 


MOUNDS IN SUMMER 


Irom Kee] 
t} thy 


the places TO wil 


known 


closures W 


and voung; by fin 
part of the mo 
peratures ; and b 


ants coming out 


mound to carry 
favorable part ol 


mound 
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up for the losses bv accident ai 
then the community grows and 
the mound is builded greater 
thirty or more vears. But this } 
handed down from generation to 
tion must be kept in repair; t] 
tend to destroy it, and if the ants 


don it the mound soon becomes 


Fig. 5, covered with little pinna 
firmer earth, the posts, eolum) 
buttresses of the house. not as 

washed away as are the walls of th 


chambers and passageways; but e) 
FIG. 4 PARTIALLY MOSS COVERED 


7 ally all the mound will vanish ai 
ALONG THI ROAD BY ! WoOoDSs EDG! ; 


MOUND IS THATCHED WITH FRAGMENTS ing but softer earth represet 

" 
PLANTS BUT ON THE SHADED FACE MOSS COVERS loo much shade IS bad tor the ce 
THE LOWER PART. THE RULE IS SIX INCHES LONG nitv—thev work best in the sm 


AND MARKS THE UPPER LIMIT TO WHICH TH . . 
. ous north face of the mound may be 


MOSS HAS GROWN. 
lected and moss growing up ove! 


With food, with right sun warmth and im Fig. 4, may take entire possessio1 
with moisture most fitting, all goes well; the ants migrate to some new site 
eggs hatch as grubs, grubs rest in true the ants do actually bite and 
cocoons that look somewhat like grains gate with strong formic acid youn: 
of wheat, to emerge later as full-sized and plants growing near their mo 
unts to increase the population from time but yet trees will grow and may fi 
to time in numbers to be inferred from overshadow the mounds, so_ the 
tally of the cast-off swaddling clothes abandoned by the ants 
brought out by the old ants and depos- On the other hand, as old moun 
ited as frail additions to the roof, soon appear new ones may spring up 
scattered by the winds. Fig. 6, where some kindly wind 

The thousands of young ants added the trees made an opening in the 
during the summer may more than make woods and there the ants found 


FIG. 5. IN MAY A MOUND LONG ABANDONED BY ITS INHABITANTS 
WORN DOWN BY RAIN TILL THE SURFACE SHOWS LITTLE PINNACLES OF RESISTING . 
LITTLE PEBBLES NOT WASHED AWAY 'HE SCALE AT TOP OF THE MOUND Is 
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ANT MOUNDS CROWD CLOSE 
WHERE THE WIND HAS THROWN SO) 
in the sun, not only for one, but for sev dying away 
Thus a pre there. sh 
ants living 


TINY 


eral mounds close together 


ferred region may count hundreds of but 
indefinite 


mounds, forming a city or state; mounds — region 


PETROLEUM IN THE UNITED STATES 


To an unprecedente 
become an essential in the 
The position of the indust: 
listribution and resou 
expand and enlarg: 
consequence at tl 
of erude oil in th 
000 barrels. This prod 

f the estimated worl 
total production of the 
from 392.268 pro lucing 
vere completed during 
reserves in the United 
19,000,000,000 barrels, and 
tory of petroleum products 


1940, was 563.594.000 barrel 


; 


Total transportation facil 
000 miles of crude oil. gasoline 
lines: 146,000 tank ears: 140,06 





THE CHARACTER OF WEATHER 


By Dr. ADELBERT K. BOTTS 


GEOGRAPHY, NEW 


WEATHER is capricious. It is fickle, 
undependable, —inconstant. For the 
great majority of people in the United 
States the most apparent characteristic 
of weather is its changeableness. From 
January first until December thirty-first 
the weather provides, for most of us, a 
continuous, fluctuating suecession of 
‘*spells,’? involving innumerable combi 
nations of heat, cold, sunshine, cloud 
ness, rain, drought, wind and calm, 
usually with no apparent rhyme nor 
reason to the process 


Karly man turned to the gods for his 


explanation of the weather. According 


to the temper and affection of the gods 
for their children, destruction and hun 
ver or love and plenty were dispensed 
through the agencies of ever-changing 
weather. Having provided satisfactory 
explanations for the causes of weather 
changes, man’s next task was to learn 
how to forecast the changes Sages 
sought signs. A vast body of weather 
lore evolved In the development of 
weather lore man acquired the rhyme 
as well as the reason for weather con 
ditions 


When the wind is 


neither man no! 


When the wind is in th 


to the fishes mouth. 


These, with a multitude of local addi 
tions and variations, comprised the 
‘*weather prophet ’s”’ stock in trade 
And we must not be haughty in our atti 
tude toward prophets and their lingo, 
for, although often scorned by science, 
many weather proverbs have firm foun 
dations in fact 

After reaching that happy state where 
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he knew both the cause and the s 
the weather, man might have bee) 
fied. But he wasn’t Skeptics 
tioned not only the function of th 
but the validity of the weather s 
well. Benjamin Franklin is reco 
among the skeptics. His numero 
periments and observations led | 
revolutionary conclusions. Besides 
tifving electricity as a phenome 
weather, he is credited with observat 
which helped to establish the fact 
storms tend to travel from the 
toward the east. 

From that idea gradually deve 
the concept of weather as a_ series 
eastward-moving storms. With the 
of barometers scientists learned to 
tify storms with changes in ; 
Eventually they devised a elassifi 
of storms based on barometric press 
conditions The weather nomenclat 
of that period included such terms 
‘isobar. ’”’ lines on naps connect 
places of the same pressure ; ‘cyclo 
areas of low barometric pressure 
commonly referred to as ‘‘Lows”’ 
‘‘anticyclones’’ or ‘‘Highs,’’ areas 
high pressure 

The United States Weather Bur 
originating in 1870, established 
splendid system of observing, report 
and foreeasting weather while the 
fluence of the air pressure meteorolo 
was at its height. The Weather B 
publishes daily weather maps on wl 
storms are identified as ‘*‘Highs’”’ 
**Lows,’” depending on whether hig! 
low atmospheric pressure dominates 
center of the storm areas Car 
analysis of pressure areas over a 


period of vears has tanght forecasters 














associate rather definite weather phe- 
nomena with ‘‘Highs’’ and ‘‘ Lows’’ and 
with their various parts. Knowing the 
veneral characteristics, the paths and the 
usual rate of movement of storms, fore- 
easters have been able to achieve a very 
high degree of accuracy in prognostica- 
tion. 

But again skeptics have arisen. Their 
aetivities have developed an ‘‘air-mass 
analysis’’ system of weather study. 
‘‘Air-mass analysis’’ students contend 
that their system of weather study is 
more accurate and dependable than the 
‘‘barometriec system’’ because it deals 
with the whole atmosphere of a region 
rather than with a limited number of 
phenomena. Whereas the older system 
studied ‘‘High’’ and ‘‘Low’’ pressure 
areas, the newer system analyzes ‘‘air- 


? 


masses. ”’ 

An ‘‘air-mass’’ consists of a highly 
homogeneous body of atmosphere sev- 
eral hundred miles in horizontal diame- 
ter, three to five miles thick. Each 
‘‘air-mass’’ is a separate and distinct 
individual possessing characteristics dis- 
tinguishing it from its neighbors. Some 
‘‘air-masses’’ are cold and clear, some 
warm and rainy, some cool and rainy; 
and a few are warm and dry. A succes- 
sion of contrasting “‘ 
ing over a locality provide frequent and 
occasionally violent changes in weather 
within brief periods of time. 

Air-masses affecting the United States 
appear to originate either in the high 
pressure zone lying to the south of us 
or in the polar high pressure zone. 
Masses from those two sources approach 
each other, generally arrange them- 
selves in alternating succession, overlap 
along the zones of contact and march in 
an easterly direction across the country. 

The character of any individual air- 
mass develops at the point of that indi- 
vidual’s origin. Masses originating in 
the tropics acquire tropical characteris- 
ties; those from polar regions become 


air-masses’’ pass- 
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polar in their nature. Oceanic air- 
masses are mild and damp. Continental 
air-masses display extreme temperatures 
and low moisture content. Each tends 
to maintain its original character as it 
passes across the continent, but its sue 
cess in that regard depends mainly upon 
the speed at which it travels and upon 
the nature of the land surface over which 
it moves. A slowly moving mass is an 
inconstant mass. The land or sea over 
which it passes conveys to its lower lay 


ers many modifying characteristics 
High mountains in the paths of air 


masses cause them to drop their moisture 
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and often change their temperature as 
well. 

Air-masses are named and identified 
according to their regions of origin 
Perhaps the three most common air- 
masses visiting the United States are 
Polar Continental (commonly called 
Pe), Tropical Gulf (Tg), and Polar 
Pacific (Pp). In addition to these, 
others that visit our country are Tropi- 
eal Pacific (Tp), Tropical Continental 
(Te), Tropical Atlantic (Ta) and Polar 
Atlantic (Pa). If, because of slow rate 
of travel or because of obstructions in 


their paths, air-masses suffer modifica 
tion they lose some of their distinctive 
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characteristics. Such changes in charac- 
ter necessitate changes in name. In such 
a manner a slowly moving, mild Pe 
(Polar Continental) air-mass becomes 
an Npe (Modified or Neutralized Polar 
Continental) air-mass. The Pe, as be- 
fore, indicates the source and essential 
character of the mass. The N testifies 
to changes that have occurred in transit. 
All other modified air-masses are like- 
wise identified by an N placed before 
the original initials. 

The names indicate dominant 
characteristics in are en- 
gendered by two sets of opposing fac- 
tors. On one hand, polar versus tropical 
factors provide cold or warm air for the 
On the other hand, factors of 


that 
air-masses 


masses. 


continental versus marine nature deter- 
mine the severity or mildness of the 
temperatures as well as the amount of 
atmospheric moisture. 

Continental climates are notoriously 
extreme in temperature conditions. If 
they are cold they are extremely cold; 


if hot, infernal. Usually, also, they are 
dry. As a consequence, air-masses mov- 
ing out of a region with a continental 
type of climate possess extreme tempera- 
tures and low moisture content. Polar 
continental North America experiences 
extremely cold weather during eight or 
ten months of the year. At such low 
temperatures the atmosphere is unable 
to contain much water vapor. For those 
reasons the weather is clear, cold, crisp 
and dry. 

As an air-mass moves out of such a 
region it transports to regions lying 
south and southeast of its point of origin 
a first-rate sample of McKenzie or Hud- 
son Bay weather. Such masses are 
particularly frequent in the northern 
states during the winter. There they 
account for most of the clear weather 
and for the ‘‘unseasonably cold’”’ 
weather. Occasional pure Pe (Polar 
continental) air-masses move directly 
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from north central Canada to the G 
of Mexico. On such occasions the ney 
papers are filled with descriptions of 
cold wave’’ and of ‘‘freezes’’ para 
ing the Gulf Coast and destroying 
citrus crops of Florida. Such 
masses furnish us with frosts 
clear nights in early autumn and | 
spring. 

Marine climates are generally n 
In winter they are warmer than cont 
nental areas of similar latitude. 
summer they are cooler. Consequent 
air-masses originating in 
marine types of climates are less extre: 
in temperature than continental ai: 
masses. Also marine air-masses 
more humid than are those of 
nental origin. 

But marine air-masses are not al 
equally humid. The contrast 
those coming from polar regions a1 
those coming from tropical regions is 
very marked. That is because warm air 
can contain more moisture than cold ai: 
Thus, most of the rainfall of central ar 
eastern United States east of the Rock 
Mountains comes with tropical marin 
air-masses. Among that group the Tg 
(Tropical Gulf) air seems to be the most 
dependable and least erratic provider of 
precipitation. Tp (Tropical Pacific) air 
has little opportunity to serve more t! 

a small section of the southwest becau 

of the great distance to be traveled and 
of the high mountains in the path. Ta 
(Tropical Atlantic) air is, compared 
with Tg (Tropical Gulf) air, a relative! 

infrequent visitor but a most lavis! 
spender of its liquid assets when it does 
come. On several occasions, warm, damp 
Tropical Atlantic air has moved direct]) 
from the sea into the northeaster 
states where it wedged itself in between 
stable, cold air-masses from the nort! 

In such a situation it is literally accuraté 
to say, ‘‘It doesn’t rain but it pours.”’ 
As evidence of the work of Ta (Tropica! 
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Atlantic) air-masses are the New En- 
gland flood of November, 1927, the New 
York flood of July, 1935, and the gen- 
eral flood of the Northeastern states in 
March, 1936, as well as the hurricane of 
September, 1938. 

All parts of the United States have 
some variety in the air-masses that visit 
them. The far Northwest receives Pp 
(Polar Pacific) air most frequently, but 
Tp (Tropical Pacific) and even Pe 
(Polar Continental) air visits that area 
occasionally. The southwestern coast 
enjoys Tp (Tropical Pacific) air-masses 
more frequently than its northern neigh- 
bor; but it does not lack entirely the 
more stimulating air-masses from the 
north and from the continent. Southern 
California summer weather embraces 
some hot dry Te (Tropical Continental) 
air-masses which originate in the arid 
region of Northern Mexico at that 
season. 

Air-masses tend to move in an easterly 
direction, but once in a while they swing 
to the west or travel directly north or 
south before adopting the eastern com- 
ponent of their itineraries. Conse- 
quently, the western mountain section 
receives parades of Pp (Polar Pacific), 
Tp (Tropical Pacific), and Te (Tropical 
continental) air-masses with winter Pe 
(Polar continental) masses for added 
variety. Throughout much of that sec- 
tion of the country Pp (Polar Pacific) 
and Npp (Modified Polar Pacific) air 
dominates, bringing heavy precipitation 
to the western sides of the mountains 
and mild but dry weather to the eastern 
sides. 

The northern plains and prairies, east- 
ern Montana to northern Ohio, add 
strong Pe (Polar continental) masses to 
the procession, while the southern states 
contribute Tg (Tropical Gulf) air. As 
is the case in all parts of the country the 
number and intensity of the dominant 
air-masses of these regions fluctuates 
with the season. The masses from the 
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Gulf are more numerous and intense in 
the summer. Those of polar continental 
origin dominate in the winter 

To be sure, many of the weaker west 
ern air-masses lose their identity by 
mixing with larger and fresher masses 
before they reach the eastern states. Tp 
(Tropical Pacific) air and Te (Tropical 
continental) air reach the eastern coast 
only on rare occasions. Pp (Polar 
Pacific) air is almost always modified by 
its journey over the mountains and 
across the plains 

In spite of these losses and modifica 
tions the northeastern states from Maine 
to Virginia are in a position to view the 
parade of air-masses at its most varied 
best. In that region it is an unusual 
month, indeed. which does not exper 
ence Tg (Tropical Gulf), Ntg (Modified 
Tropical Gulf), Pe (Polar Continental 
Npe (Modified Polar Continental) and 
Npp (Modified Polar Pacific air 
masses. In addition to these ‘‘standard’”’ 
masses a little pure Pp (Polar Pacific 
and some Ntp (Modified Tropical Pa 
cific) or Nte (Modified Tropical Conti 
nental) air from the west may assert 
itself. From the east Ta (Tropical 
Atlantic) air, heavy with rainfall and 
Pa (Polar Atlantic 
easter’? may join the procession and 


wielding a ‘‘north 


give added variety to the weather 
The ever-changing 


succession of air 


masses passing over an area does provide 


an abundance of variety. However, the 
relations of one air-mass with its neig! 
bors increases still further the complex- 
ity of weather probabilities. Between 
every two adjacent air-masses there 1s 
a zone of contact and mixture with a 
‘*type’’ of weather all its own 

Zones of contact and mixture between 
neighboring air-masses are called 
‘*fronts.’’ The zone between a cold air 
mass followed by a warm one is a ‘‘ warm 
front.’’ that between a warm mass fol- 
lowed by cold air is a ‘‘cold front.’’ Air- 


masses differ in density primarily be- 
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cause of differences in temperature and 
moisture content. When they meet, the 
colder one being denser and drier than 
the other stays close to the ground and 
forces the warm, moist air along the edge 
of a warm air-mass to rise. In a warm 
front the warm air crowds into the rear 
of a cold air-mass. In that situation the 
warm air climbs up over the edge. The 
back side of the cold air-mass becomes a 
long gentle slope up which the warm air 
climbs as if it were climbing a hill, and 
the effects are almost the same. Warm 
fronts are usually rainy because as the 
warm air climbs the ‘‘cold air hill’’ it 
becomes cooled, clouds form and precipi- 
tation forms. But the warm front rains 
are not usually stormy. The processes 
involved in the climbing are relatively 
mild and seldom result in severe condi- 
tions. 

On the other hand, cold front weather 
is nasty weather. As in the case of warm 
fronts, the cold air stays close to the 


ground and forces the warm air to rise, 
but in cold fronts the process is often 


a violent one. As the cold air advances 
into a region occupied by warm air it 
displaces the warm air by crowding 
under it. Consequently, the warm air, 
on frequent occasions, is forced to rise 
with rapidity and much turbulence. 
Turbulence results in local storms. The 
severity of storms depends upon the 
violence with which the displacement of 
air occurs and upon the amount of air 
involved. Cold front storms vary all the 
way from gusty weather to the most 
destructive tornadoes. Squalls, thun- 
derstorms, hailstorms, ‘‘dusters,’’ bliz- 
zards, tornadoes—all are commonly born 
in cold front zones. 
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Because of its frequent definiteness 
the approach of a cold front is on 
the most easily observed weather 
nomena in many parts of the Unit 
States. It usually advances from t! 
west, accompanied by high, black, r 
ing clouds, and regardless of the time ; 
day, may cause an abrupt and disti: 
reduction in the temperature. A fiv: 
six degree reduction of temperatu: 
within a few minutes is not unus 
with the arrival of a cold front. 

Weather does have rhyme and reas 
It is difficult for us to appreciate 
rhythmic sequence of warm and cold air 
masses, especially when that sequence 
contributes to the making of such head 
lines as the following: 

Relief Marshaled for South as Toll of Tornad 

Rises 
135 Dead, 200,000 Homeless in Floods; Whe 

ing Deluged, Washington Hit, New England 

Cut Off above Hartford 
Buffalo Area Gets 24 Inches of Snow 


Soggy fall continues and city, out of r 
moval funds, lets traffic halt 


Cold Wave Moves East in Storm’s Wake 
Many towns snowbound in Dakotas 


West Plagued by Dust Storm and Cold Wav 


Thunderstorm Breaks Heat of 81; Cloudburst 
Floods Nyack as Dam Gives Way 


In the midst of one of these phenom 
ena we lose sight of the succession of 
related events contributing to its occur 
rence. It is only when observing the 
weather over an extended period of time 
or abstractly as on a map that we can 
truly appreciate the beauty of the system 
and realize that air-masses passing across 
the country do respond to definite laws 
of rhyme and reason. 
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THE REAL IN ART 


By Dr. JAMES BYRNIE SHAW 


EMERITUS PROFESSOR OF MATHEMATICS, UNIVERSITY OF ILI 


1. CREATOR AND CREATED 

In order to appreciate an artist’s pro- 
duction one must reproduce in himself 
the living state of the artist when he 
ereated his expression. This means he 
must permit those processes in the artist’s 
spirit and in his own which are essential 
in the creative act to have full dominance 
over him. This is easily evident in the 
mobile arts. A performer of a musical 
composition practically becomes its cre- 
ator for the time; the dancer relives the 
ecstasy with each repetition. This is, 
however, just as necessary in the static 
arts. To see completely a statue or a 
painting, the spectator must become the 
vicarious creator for a while. The fun- 
damental processes I shall label: Eu- 
rythm, pose, poise, grace, personality, vi- 
sion. From their nature these are not the 
names of intellectual processes. They 
represent purely spiritual structures, 
living, changing, quite vague from an 
intellectual point of view. They are 
branching lightning-trees, lunar rain- 
bows, vanishing ribbons of the auroral 
lights, lilies blooming out of the nebulous 
clouds over a mountain-top. But these 
spiritual structures are among the most 
real entities the human creature will ever 
find. 

Eurythm will mean that phase of the 
creative spirit which leaves its stamp 
in the quality of a production called 
rhythm. Without eurythm in the spirit 
no rhythm would appear in the produc- 
tion. It is a directive agent, the inner 
pulse-beat, the cosmic wave of the spirit; 
for spirit palpitates even as matter or 
light. 

Pose will mean that phase of the spirit 
which leaves its record in what we call 


It is the direct 


places space-forms, time-fo 


design. 


forms, color-forms, selecting t 
they should exhibit 

Poise will mean that phase 
rects the production of symmet 
spirit must balance itself 
create outward balance. It 
ative act of weaving threads of life into 
a net of symmetry, however intricate 

Grace will mean that phase whicl 
duces harmony. In the sway of its 
trol the parts of a production fit toget! 
are consistent, complementary, symp 
thetic. 

Personality will mean the centralizing 
phase which keeps everything organic 
unitary. 
persistence of the spirit 


It is the quality of identical 


Vision will mean the phase of the spirit 
which sees ‘things not vet actual, which 
creates new spiritual forms to have ex 
pression in some medium. Without vi- 
sion art would be impossible 

After a work of art has been finished, 
particularly in the static arts, it may then 
be made the object of intellectual study 
and criticism ; but this is no more a study 
of art than the determination of the 
Fourier series for the crinkled groove in 
the phonograph disc is a study of music 
The art is not in the statue but in the act 
of creation which gave birth to the statue 
In this act must be found the reality 

Man is not entirely the product of 
*‘evolutionary’’ forces, for he has always 
defied the world that environs him by 
attempting to bend it to his will. What 
ever his method of doing this and whether 
successful or futile, it shows clearly that 
he knows himself to be a creator. even 
though the material out of which he must 
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actualize his dreams as best he can is ill- 
adapted, inadequate or refractory. At 
times he is only too conscious that he is 
a leaf whirled in the eddying gust, but he 
has never accepted this fate. His very 
study of his environment is partly due to 
a gadfly curiosity, but it is due just as 
much, perhaps more, to his intention of 
becoming the master of the world, making 
it subservient to his wishes. For what? 
More food and clothing? More posses- 
sions? It takes little observation to see 
that these are usually secondary. What 
he is after is spiritual power: power to 
carry out his ideas, power to prove him- 
self a builder, to give outlet to the seeth- 
ing forms that emerge far down inside 
him, in that inner life which is his most 
real life, the life that would be bound, 
inert, inactive, ineffectual, unless he ac- 
quires power to put it into some ex- 
pressed form. He finds that outlet in 
creative activity: he may do it in the 
dance for rain, he may do it in Hamlet, 


or he may construct a slender stem hold- 
ing a flower high up above the arid city 
street. Though he be tossed by the winds 
of destiny, though he may float on the 
river of heredity, he is not content with 


this. He is also an individual, something 
unique in the universe, and he has within 
himself an urgent inner life which must 
be let loose. He finds at times that his 
environment is too much for him, and he 
makes himself passive to influences out- 
side his control, so that he may study 
them carefully, keenly, to penetrate their 
secret structure and to learn in what way 
and to what extent he can turn their tur- 
bulent currents into channels of his own. 
He develops his analysis of them, his 
imagined laws, his system of science, his 
constructs, finding within himself what 
matches them, so that he may go with 
them long enough to get command of 
them. But he knows intuitively that his 
place in the universe is not that of a mere 
spectator, seeing things only by ‘‘flashes 
of lightning,’”* the rest all darkness and 


1 Poincaré, ‘‘ La valeur de la science.’’ 
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mystery. He is not a beggar-child | 
ing wistfully through heavy plate-glass 
at the feast of the universe. Neither 
he a walking-doll that says ‘‘mama’”’ ; 
goes to the ash-barrel when the mec! 
nism is broken. He is an adventurer w! 
is out on a quest of beauty. There is 
side him an incessant longing—not 
ways consciously known,—but yet p 
sistently there—for an invisible, inta 
gible, inaudible reality, which is m 
important to him than all the trumper 
with which he may surround himself, { 
this reality is indeed himself. It is a 
glorified expression of that which he sees 
himself potentially to be. Whatever 
means of expression he finds will be as 
inadequate to express his vision as 
paper and ink to carry an impassioned 
lover’s rhapsody. 

When the first primitive tribe with 
sweating labor managed to stand on end 
a huge monolith, their expression of th: 
majesty and power of their first vague 
intuition of the unknown, expression of 
their own dim consciousness of capabili 
ties, of powers to be attained only in the 
tedious march of centuries, a monolith 
reaching up higher than they, solid and 
undisturbed by rain or frost, was there 
nothing real and permanent for which 
this clumsy symbol stood? Even the 
archeologists and ethnologists who see in 
it nothing but a phallic symbol will have 
to admit that the insurgency of life and 
the urge to creation are worth a symbol 
which shows them as eternal realities. 

The two-fold character of the psyche 
is easily evident with only a small amount 
of reflection and very little insight 
There is the ability to crystallize the 
evanescent and flowing waves of events 
into definite and stable forms, and this 
is called knowledge. Then there is the 
constant urge to create new elements 
more spontaneity, unguessed and un- 
dreamed forms for the inner life, and 
this is called art. So fleeting is the con- 
figuration of the psyche that the fixed 
and stable elements are ascribed not to 
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it but to an objective world which is as- 
sumed to be independent of the psyche. 
Knowledge is assumed to be understand- 
ing of an extraneous entity. Art is as- 
sumed to be mere play of the spirit, fleet- 
ing emotion, of only passing interest. 
Both assumptions are wrong, since know]- 
edge is the more or less temporary system 
of invariants with which the psyche 
plays, while art is the emergence of the 
new life-forms of the psyche itself. 
Those creations of the psyche which it 
retains for a while constitute knowledge, 
and the creating of a new form is art. It 
is easy to restate knowledge since its 
forms are for a while permanent, but to 
state art one must accompany the wild 
duck in its flight, must freeze the rainbow 
the sun produces against the shower of 
events. This means of course that knowl- 
edge and art are human, even if they 
plumb the absolute. What sort of psy- 
chical material a Martian cherishes as 
knowledge we can not know. What sort 
of art he creates we can not know either. 

The stable routes from one item of 
knowledge to another we call logic. They 
seem to us to be necessary, but merely 
because we have made them habitual in 
going from one judgment to another. To 
find other routes would be an act of cre- 
ation, which would be art, not logic, and 
this process of making new logics is actu- 
ally going on. Stable modes of art would 
be impossible, since creation implies the 
unexpected, the versatile, the ever-new. 
This does not mean that in the creative 
process there is not a permanent reality. 
Reality does not mean fixity, crystalline 
structure. Any organism that maintains 
its individuality as an organism, even 
though subject to a steady flux of mate- 
rial, even if every atom, material or men- 
tal, is changing momentarily into a new 
atom, is nevertheless a reality. The hu- 
man body is a reality, the immaterial 
sieve through which chemicals flow. The 
reality of art is of this nature. An easy 
example is dual symmetry, both comple- 
mentary phases together constituting the 


unitary symmetry. 

in positive and neg: 

metric reflection in a p 

and cosine, in wave and 

facade of a temple 

of the human forn 

vellow of the sunset, in the 

dissonance of music 

the heavenly love, in 1 

good and evil—what mi: 

in which the dual sy 

itself? The reality 

erates the symmetry; 

ventitious. The stable idea 

is knowledge, the actualiz 

metry in some form is art 
knowledge and art are phases of : 
symmetry in the psyche itself, 

there are also to be found triniti 
quaternities and many other forms. The 
struggle of the poise of the spirit wit] 
its medium of expression is often intense 
‘white, white blossom, fall of the shat 
tered cups day on day.’” To many of 
the realities of art there do not corre 
spond ideas; they are not expressible 
in the abstractions and static forms of 
language. The nearest approach in 
language is in creative, metaphorical, 
suggestive poetry. Hence stating an 
example in words is very inadequate. It 
is at best a sort of ticket for reality it- 
self. ‘‘Art is the very flowering, the 
tangible flowering, of the creative soul 
come to ecstasy.”’ 

There is a constant interplay of the 
two characters of the psyche. It is the 
creative character which furnishes 
knowledge its hy potheses, the most steady 
source of advance in science. It is the 
erystallizing character which furnishes 
art its types of expression, the most 


steady source of production of art works 


Research goes on all the time both ways 
On the knowledge side it usually consists 
in an increase in dispersive power, split- 
ting principles into more universal prin- 
2 J. G. Fletcher, ‘‘ White Symphony.’’ 
3 8. Cheney, ‘‘ The New World Architecture, ’* 
p. 347. 
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ciples or more fundamental hypotheses. 
On the art side it usually consists of 
experiments made to find a more ade- 
quate method of handling the medium, 
expressing more fully the artist’s vision. 
Often the apparently unrelated re- 
searches spring from the same source 
deep down in the psyche. It has been 
pointed out that much modern art is an 
actualizing in art forms of the same uni- 
versal invariants as appear in science in 
the Einstein theory. Human life, after 
all, is unitary, and we should expect this 
symmetric dualism in its manifestations. 
When erystallizations made by the 
psyche no longer fit experience we have 
an advance in science. When forms used 
for art no longer convey the message of 
the artist we have an advance in art. 


Neither advance is welcomed by the mul- 
titude, for the usual human being is 
Faust, always seeking the moment he will 
bid to stay because he has found his 
Man is still quite hairy 


supreme desire. 
with his past. 
A few years ago a picture labeled 
**Life’’ hung in an exhibition. It was 
not large, but the canvas was a confusion 
of gaudy patches of yellow, green, blue, 
red, in chaotic arrangements and vague 
outlines. A bystander remarked, ‘‘ Look 
at it! Did you ever see anything so 
erazy?’’ The reply was, ‘‘Is that a beef- 
steak in the center or a voleano in erup- 
tion?’’ Other comments were similar. 
Yet the artist in his conventionally 
jangling colors, his disorderly arrange- 
ments, his unformed outlines, really por- 
trayed vividly the struggle of the eu- 
rythmic, the pose, the poise, the grace, 
the vision really inherent in the spirit of 
man, with the clumsy, stumbling, dishar- 
monious unbalanced environment after 
the war. An erudite volume would not 
have made it as plain. ‘‘Art may tell a 
truth obliquely, do the thing shall breed 
the thought.’’ ‘‘So may you paint your 
picture, twice show truth, beyond mere 
imagery on the wall,—so, note by note, 
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bring music from your mind, deeper tha) 
ever Andante dived,—so write a bool 
shall mean beyond the facts, suffice +} 
eye and save the soul beside.’”* 

A work of art is the exhibition of 
significant form in which the creatiy 
spirit of the artist incarnates itself. Its 
purpose is to effect a transfer of so) 
part of the spirit-life of the artist ove; 
into that of his public. In the statie arts 
the flame of creativity is frozen in 
flickering, but moment is 
chosen so that the unchanging exhibit 
will always suggest the lambent fire. | 
the mobile arts a portion of the creatiy 
life is caged and placed on exhibitio: 
and may be reproduced many times 
The dance, the drama, music, mobil 
color, give us a chance to live the life 
the artist for a few exalted moments 
caught up in his eestasy, feel his rapture 
and glimpse eternity. 


an intense 


Presences plain in the place: . . . a flash of th 
will that can, ... 
Existent behind all laws: that made 


lo, they are! ... 


them, and 


until we say: 


Well, it is gone at last, the palace of music | 
reared, ... 

I feel for the common chord again, the C major 
of this life... .5 


Art is not concerned with life as life 
any more than mathematics is flowering 
for astronomy or physics, but with that 
essence of life which is in the ever-chang 
ing structure of the spirit. Art is not 
primarily concerned with value, thoug! 
values will be attached to its products 
just as to the products of the intellect 
It is not the function of art to moralize, 
but to set forth the character of spontane 
ous potentiality in the spirit. When he 
earved in stone Villon’s poem, Rodin ex- 
pressed in ‘‘The old courtesan’’ not the 
miserable end of a misspent life, but ‘‘the 
antithesis between the spiritual being 
which demands endless joy, and the bods 

4 Browning, ‘‘ Ring and the Book.’’ 

5 Browning, ‘‘ Abt Vogler.’’ 
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which wastes away, decays, and ends in 
nothingness.’”"® Art is not concerned 
with penalties but with creative expres- 
sion. It seizes and passes on to us the 
structure of pure form, the reality in 
spirit. Knowledge may evolve from 
stage to stage, but art can not evolve. It 
expands, flowers in new blossoms, creates 
new universes. 

Art is not susceptible of intrinsic progress. 
From Phidias to Rembrandt, there is movement 
but not progress. The frescos of the Sistine 
Chapel take absolutely nothing from the metopes 
of the Parthenon. Retrace your steps as far as 
you like,—from the palace of Versailles to Hei- 
delberg Castle, from Heidelberg Castle to Notre 
Dame of Paris, from Notre Dame of Paris to the 
Alhambra, from the Alhambra to St. Sophia, 
from St. Sophia to the Colosseum, from the Colos 
seum to the Propylaea, from the Propylaea to the 
Pyramids: you may go backward in centuries, 
you do not go backward in art. The Pyramids 
and the Iliad remain in the foreground.’ 


The events of art are the aspirations 
of the spirit, and the invariants of such 
events are hopes. They furnish a system 
inherent in human life just as valuable 
for profound study as the invariants of 
the phenomenal world. When hopes are 
organized into a wild bird of the spirit 
ready for its flight, they become visions. 
Through the centuries these have been 
the dominating factor in the life of man, 
not the fogs of his swamps nor the rain 
of his tropies nor the crags of his fast- 
nesses, nor the blue-white sun of his 
deserts. Through the acquisition of 
knowledge we attach our tentacles to 
what the psyche has made stable for it- 
self. By the enchantment of the artist 
we receive the power of new life. Art is 
an offering of a sacramental communion 
of one personality with another. 


II. Matruematics; CREATOR OF 
Frost-F LOWERS 


Sandburg said poetry is the achieve- 
ment of the synthesis of hyacinths and 
biscuits, and we may read mathematics 
instead of poetry, because mathematics is 

6 Rodin. 

* Vietor Hugo, ‘‘Shakespeare.’’ 


the child of the creative yf 

artist and the crystallizing power. Many 
times mathematics has created new 
worlds, and developed them intellectu 
ally. Some forgotten get 


flection of ordinary numbers 


iS Saw tl e 


negatives, opening a vista to a 
nite horizon 
an infinite plane of worlds of nun 


Then another ge 


radiating from the central zero: 

century ago Hamilton saw this 

sparkling with rays in all dir 

Since that time the worlds of number 
have become infinitely numerous, and the 
When 
the school of Pythagoras stood appalled 
before the first irrational known, they 
little guessed the swarms yet to appear 
When a rebellious youth named Galois 
looked at the roots of equations, he saw 
they were arranged as petals of more and 


more intricate flowers, each made from 


intellect has work for centuries 


the conjugate sets of roots of special re 
solvent equations, each conjugate set 
generated by a single irrational, the 
whole furnishing a glowing corolla, a 
unitary work of art. They were like sets 
of dancers when the group of the equa- 
tion began to act, going through patterns 
tangled but describable in terms of a few 
fundamental changes. The defiant quin- 
tic was tamed, and its twelve pentads, or 
twenty triads, or thirty dyads, connected 
together, gave all the recurring cycles of 
the dance. Some day we may see a 
Ziegfeld producing the ‘‘Dance of the 
Quintic.”’ 

When Lobatchevsky created a new 
world of space it did not take long to 
create many other new worlds of space, 
worlds bizarre to common sense. They 
furnish hundreds of erystallizations 
called theorems. and have even suggested 
to the scientist better patterns to hang 
his phenomena on. Four-dimensional 
geometries and others have appeared, full 
of latent possibilities for new designs for 
artists. Indeed, much modern art is based 
unconsciously on such space harmonies 
They spring evidently from a common 
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source, though expressed in art forms or 
studied by the intellect. 

Bernoulli created expansions of funce- 
tions in powers of the argument, and 
later Fourier in series of trigonometric 
functions, but they did not see the host 
of new and startling functions thus born 
into the world. Their successors created 
more worlds of functions, and the day 
came when one such world called ‘‘ wave- 
mechanics’’ was all that was left of a defi- 
nite character in modern physics. The 
linear operators which furnish these ex- 
pansions are intellectual forms which 
arise in the living transformations of the 
spirit itself. Under their magic we see 
the world of matter bending into new 
shapes, and even if it is an inanimate 
world these forms have an intrinsic 
beauty of their own, which is what fasci- 
nates the physicist. The study of these 
operators shows that while change may 
be expressed in an infinite and continu- 
ous series of manifestations, yet in the 


changing itself there may reside a per- 
manent and stable essence, the structure 
of the operator itself, which is ultimate 


reality. We finally see the entire collec- 
tion of different instants simultaneously, 
just as we visualize a differential equa- 
tion by its field of characteristics, or just 
as a musician can grasp a whole sym- 
phony as a single unit, a timeless form. 
The futurists undertook to do the same 
thing in painting for motion, presenting 
together a succession of different experi- 
ences, thus suggesting the unified experi- 
ence as a single undivided whole. 
Kempe defined mathematics as the 
science of pure form, and C. S. Peirce 
as that subject which studies ideal con- 
structions. We might then be tempted 
to consider all art as consisting of 
branches of mathematics. There would 
be some justification for this in much 
modern sculpture, painting and music. 
But we must not forget the distinction 
pointed out at first, between the two 
modes of knowing, one studying the crys- 
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tallized product, the other the process o! 
creating. Mathematics makes pearls, ar; 
living tissue. Artists 
sometimes confused as to what art 
when they neglect this distinction 
one studies the forms created by 
sicians he is not then an artist. He1 
write a quite mathematical treatise on 1 
subject. Neither is he a musical artist 
he merely gives expression to what 
already appeared in a different forn 

It is the function of the intellect 
examine the cold product of the artist 
and such study may deceive the stud: 
into thinking he is studying art. It is‘ 
function of the intuition to seize the es 
sence of the creative act, to experi 
directly the thrill of creation of cours 
but in the rich complex of emotions + 
perspicate that which is not emotion 1 
thought, but a permanent and abiding 
reality, the very essence of the spirit 
it dissolves into a new seraphiec body 

The question whether mathematics 
true, or whether a work of a painter 
poet, sculptor, musician or dancer is true 
is without much meaning. All it 
mean is an inquiry as to how far the for 
of expression chosen adequately conv: 
the artist’s dream. For instance, R 
mannian geometry is true, so is Ev 
clidean. They are both creations 
Gothic cathedral is true, so is the Er 
pire State Building. The Moonlight 
Sonata is true, so is the Rhapsody 
Blue. One does not ask whether 
orchid is true, though it does not resem- 
ble a lily-of-the-valley. Both are expres 
sions of creative energy. One of the 
delightful qualities of art is the variet; 
of ways in which the same ultimate real 
ity may be expressed. All the art, : 
the mathematics, all the science in the 
world could be destroyed, and humanit; 
would start the next day to produce 
more, very likely utterly different fror 
what has been before, but yet just as true 
The reality in mathematics is in the 
spiritual energy locked up in its erystal- 
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line flowers, and if they melt in the sun, 
the same energy will flower anew in other 


forms. 


III. Porrry: CREATOR OF 
SILENT Sones 
Sea-violins are moving up the sands, 
Curved bows of blue and white are flashing over 
the pebbles; 
Hear them attack the chords: dark basses, ris 
ing trebles, 
Dimly and faint they croon, blue violins. 
‘‘Suffer without regret,’’ they seem to cry, 
‘‘Though dark your suffering, it may be music, 
Waves of low sound that wash the midsummer 
sky, 
Sea-violins that move across the sands.’ ’® 
Poetry is twin-sister of mathematics. 
Mathematics is wordless poetry, and 
poetry is mathematics in words. Both 
are essentially independent of the senses, 
though both use visible or spoken symbols 
as a means of communication. While 
mathematics talks largely in terms of 
concepts, poetry talks largely in terms of 
memories and images. The use of any 
kind of language is symbolism, so both 
use symbolism. Both speak in meta- 
phors, for the particular statement made 
is pregnant with meanings not stated.° 
The significance flowers and fruits con- 
tinually long after the first statement. 
“Poetry is the arch from inspiration to 
appreciation. ’”*° 
Poetry is somewhat more concrete than 
mathematics, its symbols more associated 
with actual living. In the quotation 
above the endless beating of the sea, the 
distant horizon, the flashing blue and 
white, the music of the waves, the over- 
arching sky, are symbols full of meaning 
to those with experiences. The endless 
beating of the years, the mysterious hori- 
zons whence time emerges, the aspira- 
tions, the defeats of the days striking 
against the hard unformed facts of life, 
are rich to those who have lived and open 
far vistas to the young. 


8 John Gould Fletcher, ‘‘ Black Rock,’’ p. 90. 

*Cf. Scott Buchanan, ‘‘Poetry and Mathe- 
matics. ’’ 

10 Claude Chauviére, ‘‘ Colette.’’ 


Is it necessary to repeat the reality the 
poet is living as he sings? This reality 
is the underlying musi 
which human life may 
daily monotony, the petty swash of the 


the symphony 


ve, aespite 


environment, the apparently inert peb- 
circum 


bles played on by the ocean of 
stance. Is this symphony any less reality 
than the ceaseless whirl of nebulae or the 
pulsating ultra-microscopic fogs called 
electrons? Is it any less important to 
point it out with an accompaniment of 
emotion which will carry it into the lives 
of the readers as an effective force, than 
to quote the latest cold statement about 
the supposedly expanding universe? 
Since the poet states his vision in words 
can we argue that the artistic form is 
unnecessary? Not at all. The stark 
philosophic statement has no living ap 
peal, is abstract, is part of an argument 
which proceeds in straight lines to a con 
clusion. The poetic statement is “‘a suc 
cession of curves, the direction of thought 
is not in straight lines, but wavy and 
spiral.’”** There must be rhythm, order, 
symmetry, harmony, unity and ideality, 
themselves due to the characteristics of 
the spirit when creating, as mentioned 
above. The technique of the poet is part 
of his art. If spirit knew how to pass its 
creations consciously directly to other 
spirit, technique and media of expression 
would be The abstract 
words alone fail to convey the full mes- 
sage of the poet. Abstraction gives at 
best a gauzy illusion which simulates 
reality. Intellectual comprehension IS 
an anztomist beholding a corpse. Intul 
tional appreciation touches the living 
body. 

What the artist does for us is to grow 
an evanescent flower, blowing but a mo 


unnecessary. 


ment, fragile, vet the focus of an intense 

creativity. 

words that they catch us up into a whirl 

of intense flame, make time cease to be, 

external things to vanish, open an illumi 

nating insight to distant isles, emerge an 
11 J. G. Pletcher. 


Tf the poet can so assemble 
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ecstasy to carry the spirit up and up, 
until life, the world, the self, everything 
is seen by a supernal light and from a 
sublime height—then he is a perfect ar- 
tist. The limitations in doing this by 
words only are heavy, the butterflies are 
weighted down by their wings, and even 
after these many centuries the poet has 
not yet full command of his medium. 
New visions appear and new modes of 
writing poetry must be discovered. The 
modern poet is not transcribing emotions 
nor depicting bits of raw experience, but 
is inearnating in a body of words those 
spiritual forces which are creating new 
organisms out of the life of to-day, weld- 
ing together new groups of humans, evok- 
ing a new civilization, a new humanity 
which is not going to be crushed by the 
machinery and the financial systems of 
to-day ; new forms of personality capable 
of dominating the enormous material 
power turned loose in past decades; vic- 
torious spirit flying freely over the mael- 
strom of seething energy, and in the 
eyclonie whirl of disorganizations gener- 
ated in the chaos of war. Are there reali- 
ties in art? The artist sees only realities 
—realities which would drive man mad, 
gaunt demons that haunt his soul, grin- 
ning gargoyles that look out over the 
tragedies in the city of civilization, in- 
sidious specters floating over the land- 
scape bringing woes and desolation: 
realities that man himself creates day by 
day, wittingly or not; and also realities 
that have the serenity of gods, joyful 
Ariels of adventurous youth, triumphant 
angels of a transfigured world. We are 
in a creative renaissance, and one must 
expect the dream-intoxicated artist to 
find queer unusual forms for expressing 
his coruscating life. 

I was taken and enveloped in a cloud, 

Winds awoke and called me far away. 

Now I wave a veiled farewell 

To the lands I knew and loved, 

To the crimson sunset, resting far off on black 


mountains, 
When there rises the full moon 
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I shall sail rapidly in the waning light, 

Hearing underneath me the swift billowy 
of spray. : 

But the white cloud, milkily crested, 

Shot and throbbing with pale fire, 

Whirls me over infinite oceans 

Which the gates of back-flung sunset let es: 


DRAMA: CREATOR OF INVISIBLI 
RHYTHMS 


Poetry steps out on the stage in huma 
form, and becomes a mobile art, th, 
drama. Tragedy, comedy, religious rit 
ual, the first expression of man’s relig 
expanding through the ages into what 
see on the modern stage, commercial iz 
cheapened, degraded, occasionally et 
realized, it remains a great art. Muc! 
the stage production to-day is of cours 
relaxation from the hurly-burl; 
present-day life, taking us out of 
selves for a little while—and indeed t 
is one thing art is for—the drama ma 
point out serious problems in morals, ma 
initiate us into forms of life beyond o 
reach, may take the place of the chure! 
may be the only means of recreation, | 
it is none of these as a work of art: as art 
it is a complicated form in which we s 
expressed deep realities of the artist’s 
spirit, those cadenced or broken e1 
rythms accompanied by passions. This 
becomes evident in some of the modern 
abstract theatric art, often assisted by 
the other arts to produce a complex form 
**Pelléas and Mélisande’’ in proper set 
tings, with Debussy’s wistful music, 
brings mystery, exquisite beauty, mea 
ing too deep for words. ‘‘The Beggar o: 
Horseback’’ with its dream-like chara: 
ter, fantastic stage-setting and lighting 
and acting not meant to be realistic but 
metaphoric, expresses an innate beaut) 
which is hinted at in the inset pantomime 
**Lysistrata,’’ recently shown in very un- 
conventional setting and acting, pur 
posely exaggerated in some ways, pre 
sents a fine example of Hugo’s remark 
that art never grows old. 

12 J. G. Fletcher, ‘‘ Black Rock,’’ p. 16. 
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Though they may appear startling, 
daring, shocking, fantastic, unreal (what- 
ever adjective may be used to indicate 
that the soul has been stirred out of drab 
monotony), modern theatric art will no 
doubt some day culminate in a work of 
supreme beauty, holding immense audi- 
ences breathless, spell-bound, silent, 
swept out of time, infused with new 
eurythm, seeing the spirit in a new pose, 
with new poise, full of grace, abounding 
personality, and with a vision of a glori- 
fied new life for man. 


IV. ARCHITECTURE: CREATOR OF 
Musica CrYsTALs 


Architecture is an art far removed 
from the subtleties of mathematics and 
poetry, for it deals with matter directly 
in great masses, grouped into buildings, 
usually designed for utilitarian purposes. 
Here artist and engineer meet, and lately 
the engineer has been the artist. We 
might pause to consider whether archi- 
tecture has the character we have insisted 
upon, expressing realities of the human 
spirit. But it becomes evident that we 
do have a definite reality appearing here, 
which may be called the timelessness of 
the spirit. The human race has always 
felt that there was an indestructibility in 
the spirit, and it has tried to express this 
in towers of Babel, pyramids, gardens of 
Babylon, temples, cathedrals, tombs. If 
man were really convinced that he is but 
a bubble poured by the Eternal Saki, he 
would live in any kind of shelter that 
would answer his needs. He would have 
no incentive to contrive architectural 
beauty. But he knows himself as outside 
the flux of time, he feels his power to 
build things that will last, since he has 
himself the lasting quality, and his archi- 
tectural products are symbols of that 
which is inadequately called ‘‘his charac- 
ter.”’ In his buildings he leaves a record 
for his posterity of his aspirations. 

Louis Sullivan says: 


Men have ever felt the need to build. As they 
built, they made, used, and left behind them ree- 


ords of their thinking 

years new men came wit 

arose new buildings 

change of thought 

pression of the thinking 
acter of the thinking, just so w 
of the building. 


The architecture chosen for the 
fairs of to-day exhibits the character of 


to-day. The new ‘‘sky-architec 
America is an exhibition of the ne 
appearing in the western continent 

is organic, arising out of the purpose 
has to fulfil. It is simple, stripped of 
convention and useless ornamentatio 
Life has become that, conventions are dis 
solving, artificial taboos are laughed at 
and modern life in every way is becoming 
The steel 
girders which support life are left visible, 
glass walls let light into living, and also 
show the world that what goes on inside 
is nothing to be hidden. Modern archi- 
tecture represents downright honesty 
and simplicity. By the lavish use of 
color and lighting effects it expresses the 
joy in living. It exhibits those hidden 
realities in the spirit of man which we 
eall organizing power, dominance of 
mind over matter, arrest of decay. So 
far as it transcends the organizations of 
the past centuries it points out the essen- 
tial character of our new civilization of 
frankness. 

Most of us recall the marvelous dream 
of Eliel Saarinnen for the building which 
should have modern 
newspaper as the daily expression of the 
life and dreams of several millions of 
people. Perhaps the present building 
does that only too well! Is the poet right 
when he says: 


more naked and unashamed 


represented the 


Though food be scarce and drink be lacking, 
though labor be in revolt and trade be declining, 
America will go on finding its visions in the 
mist that hangs unstirring, though through and 
beyond it come the loud crash of waves shaking 
the granite, beating like inexorable drums of 
fate, sounding boom on boom;—each one a 
minute-gun to mark the years that must elapse 
before the moment of its doom.13 


13 J. G. Fletcher, ‘‘ Breakers and Granite.’’ 
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We may have hope, however, when we 
survey the newest architecture, mam- 
moth and massive as Arizona buttes and 
canyons, or slim and straight as it soars 
into the sky, reminding us when in color 
of the everlasting rock in the desert which 
defies sun, time, wind, weather, petty cen- 
turies, and like the temples of the Grand 
Canyon, the same yesterday, to-day and 
to-morrow. We even feel in these struc- 
tures that all the rackets, gangs, crime 
and rotten politics of the cities can not 
really destroy the life of the people, for 
it is at bottom mammoth, massive, rich 
in color and aspiring towards the light. 


SCULPTURE: CREATOR OF SLEEPING 
BEAUTY 

Sculpture uses solid material to express 
its vision of the realities of the inner life. 
It waves a magic chisel and the princess 
lies enchanted, motionless, until the 
prince appears. Sometimes it is on the 
side of a mountain or in a block of mar- 
ble, or it may be a mass of wet clay, even 
a bit of carved ivory. The form may be 
the Sphinx, an Aphrodite of some for- 
gotten Greek, the ‘‘Kiss’’ or the ‘‘ John 
the Baptist’’ of Rodin, a bas-relief of 
Aristide Maillol, a distortion of Archi- 
penko or an abstraction of Duchamp- 
Villon. But in every instance the sculp- 
tor is trying to put into the sleep of three 
dimensions a creation which comes from 
his own eurythm, pose, poise, grace, per- 
sonality or vision. In different sculptors 
these realities may have different empha- 
sis. When he sees man as the creator of 
his own body, a daily sculpture, the epit- 
ome of all principles of art, he may put 
into stone Browning’s verses: 
For pleasant is this flesh ; 


Our soul in its rose-mesh 
Pulled ever to earth, still yearns for rest. 


Let us not always say 

Spite of this flesh today 

I strove, made head, gained ground upon the 
whole. 


The sculptor realizes that the body is 


itself a manifestation of the spirit, | 
creator which organizes chemicals 
human forms. So he has typified t! 
sands of times in his statues of man a 
woman, strength, power, defeat, va 
aspiration, sheer loveliness. The da 

is arrested in her pose, yet showing ¢ 
rhythm, with the moment before st 
warm, and the moment to come | 
breathing. The sculptor does not mak: 
dead things, his statue is sleeping, ; 
lifeless. Presently it will stir, and 
life will emerge from the dreams of tha 
sleep. He chooses a significant sleep s 
that the great fundamental invariants 
spirit may be seen when in transit 
motion they might be missed. He uses 
his masses to convey properties of li! 
life caught for a moment in repose, on: 
phase of the rhythm ever present. A) 
when love inspires Pymgalion Galate: 
shall awake. 


PaInTINnG: CREATOR OF SINGING 
LIGHT 

We lose solidity in painting, thoug! 
we may create the illusion of it, but we 
gain the subtlety of color, and the chords 
of color we may strike from the pris! 
The gain is at the risk of a sense-realit) 
which may hide the spirit-reality that 
painting is to exhibit. A painting ma) 
copy nature or some aspect of humar 
so faithfully that it is deceptive, and w 
eatch the scent of the flower in the field 
and start to speak to the person. It ma) 
even become a perfect anatomical or 
psychological study. Then its externa 
reality is a will-o-the-wisp to lead us int 
the swamps of the subject. This is s 
great a danger that some modern paint 
ers have avoided painting any subject at 
all recognizable. Also the scene depicted 
may stir our sympathies or our memories 
and we tell ourselves a tale, jovial or 
heart-breaking. This .is perhaps th 
function of the novelist, but it is not what 
painting is for. ‘‘The Rake’s Progress’ 
may be a good sermon, but it is not for 
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that reason good painting. Then again 
a painter may have such extraordinary 
skill with his brush and palette that he 
imitates flesh or tapestry almost per- 
fectly, but mere dexterity does not pro- 
duce a work of art. It may make a 
shadow photograph in color which re- 
minds us of the original and which we 
love to look at and to live with. But this 
js not the purpose of painting. 

If one studies the wonderfully flowing 
lines, the balanced curves, the unified 
composition in Georgia O ’Keeffe’s ‘‘ Lake 
George’’ he cares little what lake it is or 
if it is a lake at all. In her ‘‘Cos-Cob’’ 
there is no intelligible story, but the mas- 
terly placing of musical ripples and flow- 
ing winds is a study of the eurythm and 
the grace of the spirit itself. And in her 
‘“‘Music—black, blue, and green’’ she has 
made the spirit itself visible in an act of 
creation, in color and composition that 
sings. In these paintings there is little 
to distract us from perceiving the reality. 
We have a view of beauty herself veiled 
in diaphanous gauze. In the last-men- 
tioned there is even a glimpse of ecstasy, 
an all too rare reality, yet vividly real 
and abiding once attained. 

The painter uses colored spaces and 
lines of drawing, but they are passed 
through the magnetic field of his esthetic 
personality and come out curved into 
more than color and line. There is added 
what artists call ‘‘the fourth dimen- 
sion,’ a term borrowed from mathe- 
matics. The forms are idealized in a 
sense similar to the mathematical sense, 
not in the ornamentalizing sense. This 
kind of idealization is a perspication of 
the essence of the form, and vivifying it 
into a body for the spirit-reality. When 
this takes place it may happen that there 
is introduced a distortion from what 
would be expected in a naturalistic, un- 
idealistic painting of ‘‘things as they 
are,”’ But this is often necessary in 
order to produce the expression desired. 
Whatever one may think of paintings in 


which parts of obje 
and other fragments are | 
positions on the canvas 
very different from the 
various projections of 3 
object, itself a unit t 
from its projections 

The highest outcome of th« 
painters in handling col: 
‘*Synchromy,’’ an attempt 
color-compositions with n lefinable 


shapes, the realities of the artist’s spir 


Morgan Russell’s ‘‘Synchromie Co 
mique’’ is an examp! } 
spiralic plunge into space, excited and 


He says of it ‘‘a 


quickened by appropriate color contrasts, 
is designed to get rid of definite obje ts 
to intensify color rhythms, and thus en 

phasize the innate beauty When one 
hears these songs harmonized on the 
melodies of light, he comes to the very 
spirit of beauty. He might intellectual 
ize them and would find therein a stru 

ture very like many things already in 
mathematics; and he could state theo 
rems and might thus convince the intel 
lectual critic that they surely hold re 
ity. But a wild rose is something more 
than a dihedral group of order ten, and 


synchromy is more than a kaleidoscopic 
moment. The spiralic plunge into the 
scarlet mockery of weakness, gray mid- 
winter and dead dreams, violet memories, 
green pastures, orange conflicts of the 
spirit with itself, black whirlpools of 
struggle and failure flecked with golden 
sparks of illusions, out into blue depths 
and mysteries, through the golden city of 
art, to the white unattainable perfec- 
tion,** swept along on the cosmic winds 
shall we reach the ultra-violet ecstasy the 
spirit passionately longs for? 


Coutor-Music: CREATOR OF RAIN- 
Bow PHANTOMS 
We are led inevitably to the considera 
tion of the orchestration of color just as 
14 See preface to J. G. Fletcher, ‘‘Goblins and 


Pagodas.’’ 
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sound is organized into music. The clavi- 
lux and similar instruments for the pro- 
duction of mobile color, one of the newest 
arts, has been made possible by the devel- 
opment of electric lighting in all its 
forms. Before a performance of this 
organ one sits in silence, entranced by a 
new world, space and time have vanished, 
old ideas are gone. We see the birth and 
vanishing of creative forms in marvelous 
colors, almost actual spirits. It is a cos- 
mic art, for it has flung a net over the 
Aurora, the only thing nature produces 
like it. It is very complex, for there are 
tints corresponding to musical tones, but 
of a far greater range of nuances. There 
are values for which music has no coun- 
terpart. There are intensities, color mel- 
odies, polyphotie effects, counterpoint. 
When we have many such instruments 
combined into modern simultaneous art 
we might conclude there is no art supe- 
rior to this. It carries all possibilities of 


abstraction, all the spiritual qualities of 


light itself. It does not represent objec- 
tive things. It is the essence of esthetic. 
There are no copies of nature, however 
lovely ; no story condensed to the simplest 
tabloid; no suggestiveness by hinting at 
something unseen; no symbolism for 
something else. We have sublimated art 
with no background to distort our vision. 
We have the unique experience of the 
wondering child seeing his universe as a 
fresh, living, changing meadow of flow- 
ers. We witness the first act of creation 
under the command, ‘‘Let there be 
light.’’ And there is light in many 
senses, for in the study of these rainbow 
phantoms we come to see in an unob- 
structed view the kind of reality the 
artist is setting before us, a new sort of 
mathematics indeed, with its very dis- 
tinct and vivid spiritual fusings that take 
the place of material relations. Some 
day there will be written the great treat- 
ise on ‘‘Harmony and Counterpoint of 
Color-Music,’’ an account of the struc- 
ture of intoxicating beauty of the most 
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spiritual kind. And a coming Beet! 
will create symphonies surpassing , 
thing the world has yet seen. 


V. Music: Creator or ErHeres 
FLOWERS 


Boom! and the deep-toned note « 
big bell drifts away under the cur, 
roof of the temple, and ripples aga 
the golden curtain. Clang! from al! t 
gongs, and the golden veil is rent, dis 
closing a ‘‘naked, rose-empurpled 
rippling with crimson-violet light 
The artist feels something has been | 
of him. These instantaneous waves 
sound in a harmonic instant give a | 
ture in tone. They are static, but 
awaken echoes in the soul from both past 
and future. Music itself, however, is 
static; it is a mobile art given to 
world centuries ago when man lear 
how to control sounds long before 
learned how to control light. Music wa 
bound to come as the natural outlet of th: 
eurythm in his spirit, though the first 
great art was dancing. 

‘‘The secret of music is the secret « 
all art.’"* It is called an abstract art 
like mobile-color. There is no subject 
matter, it tells no story, there is nothing 
objective save a few unguessed ripples 
invisible air. It passes away with 
playing, can not be placed in a museu! 
nor hung in a salon. It shows ve! 
clearly the synthetizing power of t! 
psyche, for it consists objectively of not! 
ing but sequences of many simultaneous 
sounds, yet these are organized into a 
single unit. The entire compositio! 
however much time may be necessary 
its execution, is a single work of 
Then too the spirit of music, even mor 
subtle, is not in the sounds at all, but yet 
is the essential part. Hence it may be 
called an abstract art, but that does not 
mean intellectually abstract. Musicians 
mean the opposite of sensuously concre*e 


15 J. G. Fletcher. 
16 Colin McAlpin, ‘‘ Hermaia.’’ 
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and esthetically abstract, not philosophi- 
eally. Yet because of its very tenuous- 
ness it appeals to more persons than any 
other art. Plato says: ‘‘ Music gives soul 
+o the universe, wings to the mind, flight 
to the imagination, a charm to sadness, 
gaiety and life to everything. It is of 
the essence of order, and leads to all that 
is good, just, and beautiful, of which it 
is the invisible, but yet dazzling, passion- 
ate and eternal form.’’ 

Music is the expression of such pro- 
found realities as personality with its 
thousand fascinating varieties, persis- 
tent, free, creative and immortal, the 
phoenix ever rising from its ashes. 
These are infinite terms whose content 
has been declared to be nil. But in this 
art we find direct experience of these 
realities, not as concepts, constructs nor 
conclusions. Music represents the con- 
tinuity in spirit, its fusion with other 
spirits, its intuition of itself as individ- 
ual. It is the complete expression of 
pure personality. It is the expression of 
the ineffably divine. It is the expression 
of our awareness of the spiritual uni- 
verse in whose ambient atmosphere we 
live and move and have our being. In 
music man expresses his appreciation and 
understanding of his ultimate goal. This 
explains the intimate mixture of music 
and religion, whether we find it in 
Brahms or in Gounod. Music is a power 
which lifts us on the wings of aspiration 
into that empyrean whose crystal air and 
ethereal light is beyond all reach of the 
transient, the phenomenal, the cease- 
lessly changing and vanishing. Through 
music we reach the world of truth which 
the mystic finds, ‘‘even as the waters of 
the infinite ocean send their waves to 
break among the pebbles that lie upon its 
shores.’"** Consider the prelude to 
Lohengrin. It has been said that Bee- 
thoven wrote the Ninth Symphony to 
exhibit the existence of God. Beethoven 
himself said his Sonata Appassionata was 
Shakespeare’s ‘‘Tempest.’’ 

17 William James. 
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be powerful in the life of man. 


VI. Dancrna: CREATOR OF RADIAN’ 
YouTH 


Pom, pom, pom, the drum is soundi: 


and on the hard ground of the 
Mexican village the thud of dark 
accompanied by the chant of 

voices, is dancing the seed down, 
down, into the ground with all the trans 
ferred energy of the Indian soul to make 
it grow, sprout and fruit plenteousl) 
Some day the blue, red, yellow and white 
grains will give back more energy. Dur 
ing the whole day ‘‘ Winter’’ and ‘‘Sum 
mer’’ have alternated dances increasing 
in vigor, becoming ‘‘an organic paean of 
praise of life.’’ 
even gets into the blood of the spectators 


with its movement, vibrating color and 


The powerful rhythm 


intense spiritual fire 

The stage is dim, and the black velvet 
eurtain at the back hangs in long folds 
that lead up into the top. There glides 
out upon the boards a piece of floating 
thistledown, which begins to weave pat 
terns in the spotlight, back and forth, 
graceful curves, a body as flexible 
wisp of mist. 
More than the ripple of grass and wat 

More than the panther’s grace 

Or lily moved by winds from suns¢ 
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An evanescent pattern on the sight .. . 
Beauty that lives an instant to become 
A sister beauty and a new delight. 
Through you the past is ours, 
Through you the future flowers, 
Through you we find again 
That birth of bliss and pain, 
That thing of joy and tears and hope and laugh- 
ter 
That men call youth. 


Dance on, translating us the mortal’s guess 
At Beauty and her immortality,— 
Yourself your flesh-clad art and loveliness.18 


The dance is over, the stage is dark 
again. Then the spirits of the aurora 
begin to play, formless, glowing with 
such color as conveys subtlety, all the 
intricacies of the wistful dreams of man, 
‘‘the imprisoned essence of the winds, 
varicolored lightning, fairy forests, the 
laughter of spring and the golden browns 
of autumn’”’’*—sighs, hopes, dreams, as- 
pirations, wraiths of beauty in the mak- 
ing. Into the vaporous light there wind 
low threads of music—such music as 
Ravel could write for a fairy dance—and 
borne on the haunting strains dancers 
float in, drenched in color, glowing with 
light, and all the radiant beauty of un- 
veiled spirit is visible, exquisite, en- 
wrapped with poignant sound, expressed 
in the most perfect of all media art could 
use: the human body in the sway of a 
creative artist. Through all the music, 
the color, grace, shines the greatest of all 
reality—eternal youth. Can art surpass 
this in any other way? 

Dancing may become again what it was 
originally, the expression for the re- 
ligion innate in man. Here is a stage, 


18 George Sterling, ‘‘To a Girl Dancing.’’ 
19 Sheldon Cheney, ‘‘A Primer of Modern 


Azxt.°? 


half-way up a hill, set against the sk 
The Prophetess sits brooding over 
sins and the suffering of the world 
low her feet the milling, toiling m 
humanity ebbs and flows, suffering 
ing, hating, battling, a chaos of emot 
The Prophetess ascends to the h 
invoking the higher powers. In a f 
of illumination the Powers above re: 
her man is the child of spirit not mat 
This message she conveys to the 
tracted masses, a little at a time, til! 
have joined in one great spiral praise 
the dance of cosmic harmony. This is 
Ruth St. Denis in her new progra: 
When will she be seen in ‘‘The B; 
tudes,’’ ‘‘Babylon Is Fallen,’’ and ‘‘7 
Woman and the Dragon’’? Will this b. 
the form the church of the future wil] 
have? 

Thus the dance completes the cycle of 
the arts, and comes back to its beginning 
in one of the great vortices that swee; 
the soul of man along the ages—the old 
est of the arts, using the human bod; 
alone, the most perfect as the most diffi 
cult of media. The grand orchestral 
synthesis of resources of all the arts 
modern dance in modern dance-composi- 
tions will give a magnificent, overwhelm- 


All dreams that Hope has promised Love 
All Beauty he has sought in vain, 
All Joy held once and lost again.2° 
For man is the gorgeous, newly emerged 
psyche, drying his wings for an everlast- 
ing flight through the eternity of beauty, 
over the ocean whose singing blue is the 
harmony of the spheres, following the 
radiant sun. The artist sees realities 
only! 
20 G, Sterling. 
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WHAT IS PHILOSOPHY? 


By Dr. ARCHIE J. BAHM 


ASSISTANT PROFESSOR OF PHILOSOPHY, TEXAS TECHNOLOGICAI 


PHILOSOPHY is seen differently through 
different eyes. Some see it as good. 
Some see it as bad. To some it is mys- 
terious. 

The good view comes, naturally, from 
its appreciators ; the bad and the mysteri- 
ous from those who fail to understand it. 
The blame for these latter views rests 
partly upon the inherent nature of phi- 
losophy—its impenetrability to the un- 
initiated—partly upon those professors 
of philosophy who glorify themselves by 
appearing in a cloak of mystery or who 
are too impatient to lead the novice step 
by step, but most of all upon those im- 
patient seekers who wish in a moment 
what can be had only in an hour. 

The darker side of the estimation of 
philosophy is well worth viewing. A 
student informs us: ‘‘The term ‘philoso- 
phy’ conveys to most people a vagueness 
and uncertainty. The layman is igno- 
rant of its aims and the popular impres- 
sion is that it is a collection of high-flown, 
meaningless words and phrases on useless 
subjects.’” Such a view is not without 
foundation, but it is a foundation of fail- 
ure. The grapes are sour to those who 
can not reach them. 

Mysterious? ‘‘Philosophy is a mys- 
terious subject,’’ says C. J. Ducasse. 
Yet philosophy is no more mysterious 
than agronomy, astrophysics, ethnog- 
raphy, seismology or any other subject 
with which one is not familiar. The un- 
known is mysterious. And while philoso- 
phy does deal with the unknown, its mys- 
tery comes mainly from ignorance and 
unfamiliarity. 

Philosophy is good—to those who un- 
derstand it. Volumes of praise testify 
to its value. But praise of philosophy is 
no proper part of this essay. Rather the 


aim here is to set for 
mentals. Appreciation will 
derstanding. 


One of the most difficult 
which a philosopher or teacher 
‘*What 


‘‘The word,’’ a student 


phy has to answer is: 
phy ?’’ 
‘is one of those elusive abstra 
which, rabbit-like, always barely escay 
capture and definition 
ety of things to a variety of | 
Each man you questioned would stop 
meditate and give you another defin 
tion.’’ 

A perusal of current attempts to define 
philosophy would confirm this student’s 
view. The differences between defini 
tions offered by contemporary specialists 
are not merely verbal—they are real 
The ‘‘basicness’’ of these differences will 
be demonstrated in a moment. First, a 
word about method 

No attempt will be made to define 
philosophy—to confine philosophy to the 
limits of a single sentence. What follows 
will be a description, not a definition 
Four components are 
present in philosophy. A description of 
all four is necessary for a complete de 
scription of philosophy, even though 
many definers neglect, and others deny, 
the importance of some of these com po- 
nents. What are the four components? 
Philosophy is a kind of attitude, a kind 
of method, a group of problems and a 


It means a vari 


ersons 


distinguishable 


group of theories. Not all attitudes are 
philosophical attitudes. Not all methods 
are philosophical methods. Not all prob- 
lems are philosophical problems. And 
not all theories are philosophical theories. 

Philosophy as an attitude and method 
is emphasized by Brightman and Barrett 
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Says Brightman: ‘‘Philosophy is essen- 
tially a spirit or method of approaching 
experience, rather than a body of conclu- 
sions about experience.’’"* Rejoins Bar- 
rett: “‘It is not the specific content of 
these but the spirit and 
method by which they were reached, 
which entitles them to be described as 
philosophical.’’? Ducasse apparently is 
willing to confine philosophy to method 
when he says: ‘‘Were I limited to one 
line for my answer to it, I should say 
that philosophy is general theory of 
eriticism.’”® 

Emphasis upon philosophy as problems 
or theories, on the other hand, appears 
in Leighton’s definition: ‘‘Philosophy, 
like science, consists of theories or in- 
sights arrived at as a result of systematic 
reflection.’"* For Maritain, as for Her- 
bert Spencer, ‘‘Philosophy is concerned 
with everything, is a universal science.’” 
To this Sellars adds: ‘‘Our subject is a 
collection of sciences, such as theory of 
knowledge, logic, cosmology, ethics and 
aesthetics, as well as a unified survey.’” 
Any student of the history of philosophy 
will testify that problems and, especially, 
theories are what one seeks in philosophy. 

Regardless of the varying emphases, 
and in spite of the genuine differences, 
in contemporary definitions of philoso- 
phy, philosophy can be described. It 
shall be described as being constituted of 
all four components, not of any one or 
two alone. Let us consider each in turn. 


conclusions, 


What is the philosophical attitude? 
Certainly not all attitudes are philosoph- 
ical attitudes. For example, attitudes of 
joy, of jealousy, of despair, of fear or of 


1E. 8S. Brightman, ‘‘Introduction to Philos- 
ophy,’’ p. 7. 

2 Clifford Barrett, ‘‘ Philosophy,’’ p. v. 

8C. J. Ducasse, ‘‘ Philosophy of Art,’’ p. 3. 

4J. A. Leighton, ‘*The Field of Philosophy,’’ 
second edition, p. 3. 

5 J. Maritain, ‘‘ Introduction to Philosophy,’’ 
p. 103. 

6 R. W. Sellars, ‘‘ Principles and Problems of 
Philosophy,’’ p. 3. 
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The philosophical attitude can 
characterized by nine words or p!| 
Troubled, perplexed, wonder) 
losophy begins in wonder. It b 
perplexity. It begins in curiosity 
must be a problem. An untroub! 
tude is not a philosophical attitud 
Reflective. Merely being cont 
with a problem does not constit 
philosophical attitude. The p 
must be thought about, pondered 
and a solution attempted. 
Doubting, undogmatic. He who wv 
be philosophical must be able to ent: 
doubts about his beliefs. Reflection \ 
out willingness to doubt accepted b: 
ean hardly be considered philosop) 
Open-minded, tolerant. One wit 


philosophical attitude will be not m: 
undogmatie about his own beliefs, 
open-minded and tolerant about th: 


liefs of others. He will give every bel 
a hearing, and will not condemn wit! 
reason. 

Willing to be guided by experience a 
reason. Since, with regard to : 
fundamental problems, the facts are 1 
all in, the philosophical attitude is 
which is characterized by a willingness 
to discard present beliefs and to accept 
new ones if new facts of experience « 
mand a change. By reasoning logical 
about problems we often find that certai 
of our beliefs must be given up if others 
are to be held. The philosophical att 
tude is one which accepts the guida 
of logical reasoning. 

Uncertainty, suspended 
The philosophical attitude involves w 
ingness to remain uncertain about a! 
and every question concerning which t 
evidence is not all in. The philoso] 
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conclusions are not warranted. 
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attitude. Even though the facts are not 

J] in, there is always an attempt to 
achieve a satisfactory solution in the 
light of the facts that are in. Tentative 
solutions are sought after. It is a believ- 
ing attitude, without being a dogmatic 
attitude, that is, it is speculative. 

Persistent. Philosophy is a persistent 
attempt to solve problems. A momen- 
tary doubt or speculation does not make 
a philosopher. The philosophical atti- 
tude is an outgrowth only of a long 
period of reflective thinking. Philoso- 
phy is a quest for understanding which 
refuses to be discouraged by difficulties— 
is ‘an obstinate effort to think clearly.’’ 
It is not so much intelligence, as patience, 
which prevents the average man from 
becoming philosophical. 

Unemotional. The philosopher is noted 
for his ‘‘eool calm reflection.’’ It is a 
disputed point whether any attitude can 
be free from emotion. At any rate, the 
philosophical attitude is one in which 
emotion is at a minimum and reason at 
a maximum. As philosopher, one does 
not love or hate, like or dislike. One 
simply seeks to comprehend, to under- 
stand. 


What is the philosophical method? It 
is the method of reflection. Reflection is 
not peculiar to philosophy, for every 


science must employ it also. But most 
sciences, in addition, employ experi- 
mental methods. Philosophy is not 


averse to experiment, but its problems, 
for the most part, are such that they do 
not permit of experimentation. The 
philosopher, like the mathematician (the 
most exact scientist), usually pursues his 
way without a laboratory, though he is 
quick to scrutinize the products of the 
laboratories of others. Being limited, 
thus, to the method of reflection, the phi- 
losopher ought to become an expert in it. 
And indeed he is. Even the method of 
reflection itself has become an object of 
his investigation, and the result is the 
basic methodological science, logic. 


Details of logical 1 
place here. It is sufficient to mention 
that at bottom stands an 
consistency, the principle of non-contra- 
diction. When two assertions are contra 
dictory, obviously, one of them must be 
false. Again, there is the principle of 
implication. When one assertion implies 
another, it can be validly deduced that if 
the first be true, the second must be true 
also. Upon these principles is elaborated 
a system of ‘‘necessary truths’’ about 
method. He who is master of these is 
indeed a master of thought. 

It is common practice for philosophers 
to probe their problems in two directions, 
which we may call analytic and syntheti: 
**divide up their 
in the words of Descartes 


By way of analysis, they 
difficulties, ’’ 
and tackle each one separately—pressing 
it down to its ultimate premises. So im- 
portant is this procedure that C. H. 
Langford has ventured to say that ‘‘ phi 
losophy consists in ostentation,’’ 1. 

philosophy is the clarification of concepts 
to their minutest detail. It is the method 
of Socrates, who went about humbly ask- 
ing questions, seeking simply to get a 
clear answer. other 
hand, is pursuit of the whole. Parts 
never stand alone. They are always 
parts of a whole. Thus, in order to com 
prehend a part 
comprehend its whole. 
stand a spoke, who has never seen a 


Synthesis, on the 


completely, one must 
He cannot under- 


wheel. 


What problems are philosophical prob- 
lems? To ask ‘‘How far is it from New 
York to London?’’ is not to ask a philo 
sophical question. But to ask ‘* What is 
distance ?’’ or ‘‘ What is space?’’ is to ask 
a philosophical question. 

“Do you know whether it will rain 
to-morrow?’’—a question of no philo 
sophical importance. But ‘‘What is 
knowledge?’’—a question most basic in 
philosophical inquiry. 

‘Ts it true that all swans are white! 
This may trouble the zoologist, but not 


»o9 
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But ‘‘ What is truth?”’ 
deeply con- 


the philosopher. 
Here the philosopher is 
cerned. 

“*Is it a fact that Caesar is dead?’’ or 
“Is it a fact that two plus two equals 
four?’’ These are concerns of the his- 
torian and mathematician. The philoso- 
pher wants to know ‘‘ What is a fact?”’ 

‘*What time is it?’’—not a question 
for philosophy. But ‘‘ What is time ?’’— 
a question of great interest. 

**Is the shirt you are wearing the same 
one which you sent to the laundry?”’ 
Philosophers ignore such questions. But 
‘*What is sameness?’’ The philosopher 
would like to know. 

‘* Are the Niagara Falls beautiful ?’’— 
a question for sightseers. The philoso- 
pher wonders ‘‘ What is beauty?’’ 

‘*Ts it wrong to commit bigamy in the 
United States?’’—a problem for jurists. 
Philosophers inquire ‘‘What is the na- 
ture of rightness and wrongness?’’ 

‘*What is your purpose in reading this 
essay ?’’—a private matter. But ‘‘What 
is purpose?’’ and ‘‘Does the world have 
a purpose?’’ Upon these the philosopher 
ponders long. 

The above samples, pairs of related 
questions—the one philosophical, the 
other not—should reveal that philosoph- 
ical questions are always general. Ques- 
tions concerning particular things do not 
constitute philosophical problems. When 
a philosopher seems to be puzzling about 
a particular, he is really seeking a gen- 
eral—a most general—principle exhib- 
ited in that particular. 

If we are to survey with any degree 
of completeness the problems included in 
philosophy, we shall have to go beyond 
mere samples and to classify them sys- 
tematically. For purposes of classifica- 
tion, philosophical problems may be di- 
vided into two important groups: those 
which constitute the so-called philosoph- 
ical sciences and those which constitute 
philosophy as a comprehensive science. 


The Philosophical Sciences: Philoso- 
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phy contains within its broad 
several more or less. well-dey 
subject-matters which are proper]: 
sciences, although they have n 
received by all as sciences of full st 
Each probes a basic question, the a) 
to which is essential to a complet 
count of the world and of life. 
examines a phase of experience 
tinct and as fundamental as the so 
non-philosophical sciences. What, 
are the philosophical sciences, and 
what problems is each concerned ? 

Logic, as already noted, is the s 
of the methods of reflection. This is ¢ 
most basic discipline in all philos 
and in all science—more basic even t 
mathematics, which upon | 
foundations. What principles are ; 
supposed in valid inferences? What 
lacies commonly occur in thinking, a: 
how may they be avoided? What ded 
tions are possible from any given st 
ment? And how trustworthy are ir 
tions from any specific set of data? 

Epistemology is an inquiry int 
nature of knowledge and truth and 
tainty. Close to psychology in some 
its phases, epistemology ponders 
problem of the relation of knowing 
that which is known. Is an idea 
mountain like a mountain? It is not 
it in size; for the idea is within 
head, but the mountain is larger tha: 
head. It is not like it in stuff, for t 
mountain is made of granite and soil : 
sand and snow; but there is little of these 
in the normal head. It is not like it 1 
shape; for the mountain has three din 
sions, though seen in only two, and 
mountain has numerous ridges and ra 
vines, the idea only a few. It is not lik 
it in duration; for the mountain endw 
for thousands of years, the idea for ' 
flash of a second. How, then, is know! 
edge like its object? 

Metaphysics investigates many prob 
lems, all related to the general questio! 
‘*What is the nature of being?’’ With 
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out troubling to distinguish between the 
subdivisions, ontology and cosmology, let 
us review some of the many metaphysical 
questions: How many kinds of being are 
there? How can a universe be both one 
and many? What are the most basic 
characteristics of being? What is time? 
What is space? What is substance? 
What is a relation? What is a cause? 
What is a fact? What is sameness? 
What is purpose? What is change? 
What is novelty? Is the world deter- 
mined? Is the world purposive? Is the 
world progressing? Is there a God? 

Aziology is the science which asks 
about value. What is the nature of 
good? What is the nature of bad? 
What are the kinds of value? Naively 
the child thinks the candy bar good. 
And later, when sated, thinks it bad. 
Are goodness and badness in candy bars, 
or in the thinking? When a baker bakes 
a loaf of bread, he says it is good for 
health. Health is good for steady work. 
Work is good for making money. Money 
is good for lots of things. But is there 
something that is good for nothing except 
itself? That is, is there something which 
is just good, without being good for 
something ? 

Ethics examines the right the 
wrong. Popular notions identify ethics 
with commandments: ‘‘Thou shalt’’ and 
“Thou shalt not.’’ But no science ever 
commanded or preached. As a science, 
ethics investigates. It wants to know 
how to determine when an act is right. 
What is obligation? What is duty? 
What is conscience? What is justice? 

Esthetics asks two questions: ‘‘ What 
is beauty?’’ and ‘‘What is art?’’ That 
these two questions, often confused, are 
distinct is obvious. For some beauty is 
beauty of nature, not of art. And to 
some art is ugly, not beautiful. Both of 
these questions demand an answer. A 
picture may be beautiful to one, ugly to 
another. Where then is beauty? In the 
“eve’’ of the beholder? On the canvas? 
Or somewhere else? Having settled this 


and 
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question, the esthetician is troubled by a 





creater: What are the essential char 








teristics of beauty? That is, what is 
that all beautiful objects exp es 
have in common? T s | tv in 
music, painting, poetr i, sculp 
ture, architecture, cost s, the dan 
sunsets and women. Al! have something 





in common. What is it? 

Philosophy of Re li ] mis a | ran h of 
philosophy which inquires into the na 
ture of religion. Philosophy of religion 


religion. 







Rather, it is a science 





is not 





which seeks to understand 
















of religion—a very important factor in 
every normal life—needs to be under 
stood. It is the philosopher, mainly, who 
grapples with this question. There aré 
many great religions: Christ 
Brahmanism, Buddhism, Cont 
Taoism, Shintoism, Judaism, Mohan 
medanism. If all these be religions, do 
they have something in common? Is 
there an essence of religion which is to 
be found in all? If so, what is it? 

To this array of philosophical sciences 






many more might be added. Political 
and social philosophy is relatively 


tant, but with the development of 


eal science and sociology as separate dis- 







ciplines, questions of the nature 






purpose of social and polit 






tions is being left to then 
Philosophy of education, whi 
understand the ultimate purpose of edu- 
cation, iss being handled at present largely 
Philosophy 










by educational specialists 
of history, which attempts to inter 
history, not merely in terms of political, 


pret 
ys 









social and economic processes, but in 
terms of cosmic processes—what is the 
place of the history of man in the picture 





is a field yet relatively 





of the universe 
undeveloped. 
philosophy must not detain us here 





Other minor probl 






Philosophy as a comprehensive science 
The philosophical sciences do not exhaust 
the problems which confront the philoso- 


The best known, and perhaps most 
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important, problems of philosophy are 
still to be considered. In three ways, 
philosophy functions as a comprehensive 
science: it criticizes the sciences, it syn- 
thesizes the and it is the 
**mother’’ of the sciences. 

The sciences, physics, chemistry, biol- 
ogy, psychology, sociology, astronomy, 
ete., stand in need of criticisms. These 
criticisms are of two sorts: criticisms of 


sciences, 


presuppositions and criticisms of conclu- 


sions. Each science makes presupposi- 
tions which, if examined carefully, may 
be found to be untenable. To philosophy 
falls the task of careful examination. 
Again, each science makes presupposi- 
tions which, when compared with the 
presuppositions of other sciences, may be 
found to contradict them. And each 
science eventually arrives at conclusions 
which, when compared to the conclusions 
of other sciences, may be found to con- 
tradict them. To philosophy falls the 
task of comparing assumptions and con- 
clusions. 

There are many presuppositions which 
scientists naturally and normally make. 
Some examples: Things exist in space 
and time. The objects of knowing are 
independent of their being known. Re- 
lations exist. Facts exist. True belief 
is possible. Things are really separate. 
Assumptions so obvious as these com- 
monly pass unquestioned. But at times 
trouble appears because of them. The 
problem of examining them for the 
sciences becomes the concern of philoso- 
phy. Also, when different sciences make 
contradictory assumptions, philosophical 
problems arise. So long as a scientist 
keeps within his own field, he encounters 
little difficulty. Being occupied by the 
troubles with his own details, he usually 
fails to discern the implications of his 
assumptions for other fields of science. 
An illustration should make this clear : 

Physicists, biologists and psychologists 
tend to assume that every effect must 
have a cause. That is, nothing can hap- 
pen without being caused to happen in 
the way that it did happen. A body falls 
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toward the earth instead of away fy 
it because of gravitation. One’s eye 
blue instead of yellow because of defi: 
hereditary structures. A child is af 
of cats because he has been negatiy 
conditioned by previous experience. F 
these sciences, the ‘‘law of 
effect’’ holds universally. 

But jurisprudence, ethics and 
ligion, on the other hand, presuppos 
contrary. That is, not everything mus 
have happened in the way that it d 
People are free to choose. They are ; 
sented with alternatives. They 1 
select the one or the other without ine) 
table compulsion. Punishment is 
flicted on the assumption that the 
violator deliberately chose to violat 
The young and the insane are exempt 
because they are not normal ethi 
beings. But the normal man is free t 
choose. If this were not a basic ass 
tion, surely our laws would be writte 
differently. Ethical codes are found 
on the belief that a man can choose t 
follow them or not. He can do right, 
he can do wrong. If it were not so, n 
man could be held blameworthy, and n 
man could be immoral. Few are the fo! 
lowers of Socrates who said, ‘‘No man 
ean do wrong voluntarily.’’ 

Religious salvation is a matter of will 
ing. ‘‘Believe and thou shalt be saved.’’ 
Heaven and hell are alternatives. The 
sinner must choose. But which alterna 
tive is a matter for him alone to decide 
His will is not determined. Here the 
*“‘law of cause and effect’’ is neglected, 
ignored, denied. 

Allowing for exceptions which occur to 
the alert, it is still true in general that 
these two contradictory assumptions are 
basic to different fields of explanation 
Such a contradiction can not stand in a 
final picture of the world. No science is 
complete which can not fit itself into the 
conclusions of other sciences. To make 
this clear is one of the difficult tasks of 
philosophy. 

Conclusions of sciences, like their as- 
sumptions, occasionally contradict. In 


cause 
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mathematics it is an accepted principle 
that 1+1=2 and that Ix+1x=2x. By 
reflection alone the mathematician ar- 
rived at this conclusion. 

Physicists have chosen an experimental 
method to determine the speed of light 
and have concluded that approximately 
186,300 miles per second is the fastest 
possible speed. Now if light waves are 
traveling in two opposite directions from 
a source, at what speed are they sepa- 
rating? At the speed of light, or at 
twice the speed of light? 

Whenever contradictions appear, they 
must be resolved. When they involve one 
science alone, the difficulty is called scien- 
tific. When they involve more than one, 
the problem may be called philosophical. 
Thus, both with regard to assumptions 
and conclusions, philosophy functions as 
a criticizer of the sciences. 

Synthesis is the second function which 
philosophy performs for the sciences. 
Each science dwells on one phase of ex- 
perience. Each does its part. But 
where there’s a part, there’s a whole. To 
know a part only is to have a distorted 
view. The final goal of science should 
be to understand the whole—to see the 
picture complete. Philosophy, as a 
‘““selence of sciences,’’ as a ‘‘supreme 
science,’’ as a ‘‘comprehensive science,’’ 
seeks constantly to perform this function. 

**The object of philosophy,’’ says C. D. 
Broad, ‘‘is to take over the results of the 
various sciences, add to them the results 
of religious and ethical experiences of 
mankind, and then reflect upon the 
whole, hoping to be able to reach some 
general conclusions as to the nature of 
the universe and as to our position and 
prospects in it.’’ 

**Philosophy,’’ for Whitehead, ‘‘is not 
one among the sciences with its own little 
scheme of abstractions which it works 
away at perfecting and improving. It is 
the survey of sciences, with the special 
object of their harmony and of their 
completion.’”’ 


7A. N. Whitehead, ‘‘Science and the Modern 
World,’’ pp. 126-7. 


Who has not heard the story of the 
four blind men of Burma and their visit 
with the elephant. U 
their venture, they compared conclusions 
about the nature of the be Said one 
who had felt the elephant’ 
phant is like a tree 
grasped the tail and rep an 
to be like a rope. The trunk w: 
by the third, who insisted 
like a serpent. The other | 


on the elephant’s side and 


returning Irom 


toa barn. When a scientis 

the whole universe is like the part 

he investigates, he is to be com 

a Burmese blind man. We might have 
the separate reports of all the sciences 
and yet not see the whole elephant In 
order to comprehend the total scheme, the 
function of synthesis is necessary. 

As mother of the sciences, philosophy 
has had a long and interesting history 
At one time there was no distinction be 
tween philosophy and science. Gradu 
ally, as the reflections upon problems 
became increasingly complex and as 
special techniques were developed, spe 
cialists limited the range of their in- 
quiries, and sciences were born. Among 
the first were mechanics, mathematics 
and astronomy. Among the latest were 
psychology and sociology The romance 
of the maturing of these offspring of the 
fecund mother must be left to the history 
of science. Deeper concern is felt for 
those yet unborn—the philosophical 
sciences which have not yet been granted 
independence. 

Wonder about bearing children gives 
rise to speculation about philosophy’s 
future. Will the philosophical sciences 
become, one day, sciences in their own 
right? If so, will philosophy’s task be 
done? Will she become barren? Or will 
there be new conceptions now unsus 
pected? Optimism about her future is 


expressed in the following paragraph 
from Perry: 


As the sciences have settled area after area of 
his original domain, the philosopher has pushed 
on to the outer edge of things. The physical 
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frontier, we are told, has ceased to exist—so far, 
at any rate, as America is concerned. There is 
no more free land. But the passing of the in- 
tellectual frontier is not in sight. There is 
plenty of free land beyond the areas which re- 
ligion and the sciences have fenced and culti- 
vated, and brought under the rule of law and 
order. The philosopher lives on this frontier 
and makes crude charts of the region which lies 
beyond. In the nature of the case, the mass of 
mankind must remain in the settled communi- 
ties, while the pioneers must be few and sparsely 
distributed. But it has always been true in 
America that some flavor of the frontier spirit 
has pervaded even the settled communities—some 
love of freedom, some boldness of action, some 
primitive sense of fair play. So it is not un- 
reasonable to suggest that the great body of 
normal, sane, practical, respectable people, the 
people with whom philosophy is not a vocation, 
will, especially if they be American and have 
the blood of frontiersmen in their veins, never 
theless find the essential spirit of philosophy con- 
genial. They will, perhaps, wish to make occa- 
sional excursions for themselves; but in any case, 
they will respect those qualities of mind that 
prompt other men to plunge into the deep waters 
and roam the trackless forests of the great intel- 
lectual adventure. 


By way of summary, we recall that 
philosophy is a group of problems. It 
accepts as its own both the problems of 
the nebulous philosophical sciences and 
the problems of a comprehensive science. 
Its comprehensive functions include, 
first, giving birth, then, settling quarrels, 
and finally, harmonizing in one house the 
several somewhat self-centered sciences. 
And ‘‘a mother’s work is never done.’’ 


What theories are philosophical theo- 
ries? Perhaps the simplest, if somewhat 
inaccurate, answer to this question is 
that philosophical theories are those 
which have been propounded by philoso- 
phers. This leaves the problem of decid- 
ing who were and who are philosophers. 
Such an answer may serve when we are 
concerned with philosophical theories of 
the past. Traditions have developed in 
the history of philosophy. We now point 

8R. B. Perry, ‘‘A Defense of Philosophy,’’ 
pp. 55-6. 
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without question to Socrates, Plat 
Aristotle, Plotinus, St. Augustin: 
Thomas, Bacon, Hobbes, Descar 
Locke, Berkeley, Hume, Spinoza, L; 
nitz, Kant, Hegel, Schopenhauer, Sc} 
ing, Neitzsche, Bradley, Bosanquet 
Royce and James. 

But there are many others. <A: 
shall decide which others? Further 
every theory proposed by each of 
men can be considered philosop! 
Berkeley’s essay on tarwater, for ex 
ple. Yet such an answer suffices for 1 
novice investigating history, provided 
select a competent guide. 

But for contemporaries—how 
their status be decided? Dewey, W) 
head, Russell, most will agree, are 
losophers. But who else? There 
hundreds who deserve the name. Yet: 
every teacher of philosophy is a pl 
pher. How shall the line be drawn? 

Another answer to our question is this 
Solutions to philosophical problems ar 
philosophical theories. Having deter 
mined what problems are philosoph 
it becomes comparatively easy to deter 
mine what theories are philosophical. I: 
epistemology, for example, realism, idea! 
ism, pragmatism, mysticism, sceptic 
and solipsism are properly classed 
philosophical theories. 

Still another answer has been giver 
Here attitude and method are deciding 
factors. Barrett, as previously cited 
would reply: ‘‘It is not the specific con- 
tent of these conclusions, but the spirit 
and method by which they were reached 
which entitles them to be described as 
philosophical.”’ 


Philosophical theories are a genuine 


part of philosophy. Philosophical prob 
lems constitute philosophy. Philosop! 

ical method is essential to philosophy 
And there can be no philosophy without 
the philosophical attitude. These cor 

ponents are major in a complete descrip- 
tion. This is what philosophy is—to-day 
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THE FIELDS OF ENVIRONMENTALISM 


By Dr. RODERICK C. PEATTIE 


PROFESSOR OF GEOGRAPHY, OHIO STATE UNIV 


THIs paper is presented because of the 
distinct condemnation which Pfeifer has 
uttered against environmentalism. Also 
Hartshorne’ recently has chosen to lay 
emphasis so almost completely upon cul- 
tural rather than environmentalistie geo- 
graphic philosophy. In this reply I shall 
almost immediately belie myself. After 
pleading against over-rigid definitions, I 
shall risk attack by making three limiting 
descriptions. A tendency towards too- 
great definition in any field is dangerous 
It is a poor omen. Science, like art, is 
in a decadent stage when it becomes con- 
ventionalized. Philosophie progress can 
be measured by the willingness to ex- 
plore. The complacent or timid stay at 
home. In a colony of coral polyps it is 
the organisms on the fringes of the reef 
that are best nourished. It is the fron- 
tier that gives most to history. 
raphy is no exception. I must give credit 
to those who would construct a strong 
core of what is called pure geography. 
But more leaven is to be found upon the 
margins. The stimulation that means 
progress is for those who explore perilous 
frontiers. In such advanced areas defini- 
tions of fields of study are merely re- 
stricting. 

Having spoken against definitions, I 
find it, however, necessary to my thesis 
to differentiate between chorographers, 
cultural geographers and environmental- 
ists. I hasten to add that to me these 
schools of effort are none of them oppo- 
sitional, but that they are comple- 


1Gottfried Pfeifer, ‘‘ Regional Geography in 
the United States Since the War,’’ American 
Geographical Society. 

2 Richard Hartshorne, Annals of the Associa- 
tion of American Geographers, September and 
December, 1939. 
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mentary. Moreover, the supporters of 
ordinarily revionalists My 
personal reaction to geography is that it 


is little if not regiona 


each are 


trasts—no geography. Even mpara 
tive geographers must have regional con 
cepts as a basis of their comparisons 
The chorographer is a trained rver 
He records minutiae with scientific accu 
racy. The results of his work are funda 
mental. Chorographers are trained land 
scapists, archivists. I count myself as 
one among them. I value the expe 
I believe every geographer should under 
take chorographic studies. On the other 


hand, I am quick to state that chorog 
raphy has its limitation. It 
to conceive of chorog 
phy. Such a 

should never be thought of as an end in 


raphy as a philoso- 
technique of approach 


Collecting facts leads to erudition 
to intellectuality in 
the philosophic sense. Robert Platt sup 
ports this idea in his recent article on 


Certainly, the chorog 


itself. 
but not necessarily 


British Guiana 
raphers were correct when they insisted 


that accurate recording of facts must 
precede generalization. On the other 
hand, we do not need to map every 


square mile of the earth, except by 
| believe the 
typical areas will serve our purpose. I 


way 
of inventory. sampling of 
exemplified this in a study of the Eastern 


Pyrenees. Again, geologists, from whom 


we borrowed the survey method, do not 
map every detail of a mountain range 
before theorizing upon orogeny. Also, 


limitations of chorography are illustrated 
by the prevailing unliterary character of 
the reports. I find them dull reading. I 
have been guilty of this same boring of 


my public. 
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The cultural school of geography in 
distinction to the environmentalistic 
school arises naturally from the recipro- 
eal character of the geographic relation- 
ship. The philosophy of each school is 
in no way exclusive of the other. The 
cultural geographer himself 
with man’s adaptation of the earth to his 
purpose. Thus a sophisticated landscape 
is the result of man’s choice. Rightly 
most geographers cultural 


concerns 


are geog- 


raphers because most of the features of 


modern countries are artificial. Think 
of a campus, the arrangement and mate- 
rial of the buildings and its exotic Gothic 
arches. I, personally, have not contrib- 
uted greatly to this line of thought 
because I fear that in many cases, deal- 
ing as one does with such obvious tangi- 
bles, my conclusions would be patent to 
all. The field lacks, to me, controversial 
aspects except when it enters the realm 
of economics. By way of indicating that 
much excellent work is accomplished by 
people outside our academy, let me men- 
tion that my favorite piece of cultural 
geography is called ‘‘Grape Harvest.’’ 
It is by Nora Waln and is found in the 
Atlantic Monthly for October, 1937. 

I must now defend that Cinderella, 
environmentalism. Environmentalism 
has been sent to the corner in the ashes 
because of the error of her ways. I grant 
no scholarship has been more erroneous 
than that of environmentalism. As 
stimulating as Bodin, Montesquieu and 
Buckle were in their day, their generali- 
zations were damaging to the philosophy. 
Even the well written dust-to-dust state- 
ment that opens Miss Semple’s great 
book is sentimental rather than rational. 
Some of the environmentalists have been 
faulty, to say the least, in their thinking. 
Reputable journals have printed ma- 
terial that never should have gotton into 
print. 

What is this environmentalism? It is 
usually thought of as the slow and not 
easily measurable influence of physical 
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factors on the ways of life. Ordinar 
it is a passive influence whose result 
perceptible and best measured in ter 
of the centuries. It involves such fa 
as isolation and directional contacts 
results in such conclusions as geogray 
limitations to cultures or the diffusio: 
cultures. Contrary to the popular | 

it is seldom, indeed almost never, det 
ministic. Rather, cultural geography 
the school of thought which leans towards 
determinism. 

Because there much 
that environmentalists are determinists 
I must clarify the matter. So far g 
graphic factors have been referred to 
passive. Such influences are in the ¢ 
nomic aspects of life only limitations 
The presence of coal does not determi: 
an industrialism. But let physical con 
ditions alter, and it is another matter 
Let aridity increase in Central Asia or 
the Dust Bowl, and aridity is’found t 
determine a change in the affairs of man 
You are all familiar with Ward’s 
sketches of what happens to the farmer’s 
family during the passage of a tornad: 
All catastrophic geography is determin 
istic. Ellsworth Huntington’s theory of 
climatic energy in human affairs a; 
proaches a definite control. I suspect 
that the concept of exhausted resources 
forcing us to a reconsideration of our 
economies might furnish some with a 
belief in environmental determinism. | 
am willing to go further and say that the 
demands of conservation are forcing 
upon us a new socialism. 

An evaluation of the several factors 
controlling cultural facts and events may 
be obtained from conceiving all history 
as existing within a cube. Let us begin 
our three dimensions with the lower, 
forward right-hand corner. The three 
dimensions shall represent the three fac- 
tors of heredity, environment and human 
choice or volition. Proceeding from this 
corner each dimensional arrow would 
represent increasing importance of each 
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of the factors. Every fact of civilization 
may then be plotted in space within the 
eube according to the varying impor- 
tance of the three factors. Most human 
history has, of course, a genetic predeter- 
mination. However unimportant, the 
environmental factor is certainly present 
The human choice is all too obvious 
Again, the Gothic arches of the uni- 
versity are a matter of human choice. If 
there is a determinism due to any one 
factor, the results must be plotted at the 
far corners of the cube. Such results 
are mathematically highly improbable. 
To believe in a single factor as determin- 
istic, we must demand of our judgment 
that two of three variables be reduced to 
zero and, on the percentage basis, the 
third factor be rated exactly one hun- 
dred. Such conditions may happen but 
obviously are rare. The question of 
determinism is therefore hardly worthy 
of our attention. And by determinism 
I mean a dynamic and not a limiting 
force. 

Is environmentalism of any significant 
service? The primary field for the envi- 
ronmentalist may be looked upon by the 
geographer as too broad for his attention. 
This is the field of environmentalism as 
opposed to genetics. There are excellent 
books in this field by biologists and 
medicos, as the recent ‘‘ Environment and 
Growth’’ by Sanders. The geographer, 
with few exceptions, has ignored the fine 
philosophic opportunities to be found 
there. He is at times sorely needed be- 
eause the biologists and medical research 
men are not qualified by training to 
evaluate geographic factors. As we main- 
tain sub-departments of biolcgy called 
genetics, we should maintain sub-depart- 
ments of environmentalism. 

A second field is that of the geographi- 
eal factor in history. Unfortunately the 
English have perverted the phrase, his- 
torical geography, until it stands for 
merely place geography written into his- 
tory. But some historians have been 


-VIRONMENTALISM 


lucidly conscious of 
tor in history. La 
important phil 
geographers’ la 
torians’. Mors 
line in ancient ; 


in the later perio 


tion the names 
Ellen Churchill | 
of any brand 
which has a 
philosophic dept 
The econonile h 
current affairs, 1 
have seized upor 
again, the trained 
needed and too seldo1 

A third, and my 
vironmentalist will, 
appeal to many persons and yet i 
There is inter: 
between the three factors of my post 
lated cube. Environment and ph t) 
interact upon each other. Man’s choi 
affects both the other factors. We ean 
not deny then that environment affects 
man’s choice. In short, environment 
affects psychology. There is a regional 


lem of regionalism 


psychology. Obviously, the geography 
of mental characteristics is not of the 
same definitude as regional economics 
But lack of definition makes a fact none 
the less real. That which can be defined 
or even proved may be of less significance 
than the unprovable and imponderable 
After all, much cultural history and cer- 
tainly a great deal of current conflict 
based upon regional psych 
there should be a geograph) 
attitudes is not startling. 
essayists, novelists, poets an 
known it for a long time. Geographers, 
however conscious of it they may have 
been, have given the influence of physical 
circumstance on psychology little written 
support. 

If philosop! ic 
plines and the creative arts are taking 


writers in other disci 


advantage of environmentalism, we 
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should in turn take advantage of them. 
Geographers will do well to read the psy- 
chologies of MacDougal, Porteus, Kuffka 
and Lewine. After reading Cressey on 
China, go to the works of Pearl Buck. 
Her characterization of Wang Lung and 
his obsession for land is grand Chinese 
culture. No one has demonstrated better 
the harmony between soil, rhythm of 
nature and peasant mentality than Louis 
Adamie in ‘‘The Native’s Return.”’ 
There remains yet for the geographer to 
surpass the relationship of depleted re- 
sources and mental depression exempli- 
fied by Archibald MacLeish in ‘‘Land of 
the Free.’’ I have read one of Mac- 
Leish’s manuscripts critically, and I 
know he prepares himself well in envi- 
ronmentalism. 

Since we do not believe in actual in- 
heritance of social traits, we must search 
for other causes for the persistence of 
national psychologies. The answer is 
that there is a cultural surge to history. 


Strong and often dominant factors in 
culture character are isolation, the soil, 


the climate, the sea. Indeed, the most 
sensitive measure of regionalism is a 
people’s temperamental attitude towards 
life. We have definitely discarded the 
theory of racial characteristics for the 
more plausible culture characteristics. 
Celtic imagination is not inherited, it is 
handed down. Psychologies are not in- 
bred ; they are intrained. And the great- 
est discipline we receive has always had 
an earthly origin. Environment is like 
a number of finely meshed screens, selec- 
tive according to the shapes of the inter- 
stices. We encounter these screens in our 
restlessness or as the screens change with 
unstable physical conditions. The story 
begins with the isolated culture of Egypt. 
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It explains the sea motif in Greek his 
tory. It can not be ignored in Soy 
affairs. 

I am not insisting that we must 
as ecologists pursue environmentalist 
theories. Thinking environmentalist} 
cally means casting aside exact postu 
tions, formulas and conclusions. It ; 
for imagination and a quality of sch 
ship which at times may seem not to 
starkly rational. Yet, if it lacks stat 
tics by which the equation may be solve 
it frequently demonstrates by its logi 
more significant hypotheses and theories 
that can be demonstrated by the clear 
observable. Moreover, its even partia 
conclusions are frequently of as wid 
interest and of as great philosophica 
consequence to the world as a whole as 
is the enumeration of sequence occ 
pance. 

Yet, I hold in high respect the ad 
vanced labors of the chorographer and 
eultural geographer. The chorogra 
phers’ work is basic. Only after th: 
cultural geographer has completed his 
work can the environmentalist reach his 
complete conclusion. But I must insist 
that environmentalism remains a signifi- 
cant pursuit of great philosophic dept! 
It has been so for two millenniums. In 
all justice, let me say, that if cultural 
geographers do not wish to recognize 
environmentalism as having a_ place 
above the salt, environmentalism wel- 
comes and needs the efforts of its younger 
brother. Geneticist, environmentalist, 
eultural geographer and psychologist 
should unitedly put their shoulders t 
the wheel. I might well have labeled 
this paper, which is little more than an 
exposition of a personal choice of phi- 
losophy, ‘‘With Malice towards None.’’ 
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BOOKS ON SCIENCE FOR LAYMEN 


THE TRUTH ABOUT THE CUCKOO: 

NEARLY two decades ago, Mr. Edgar 
Pp. Chance published his first book on 
the European cuckoo, Cuculus canorus, 
and simultaneously exhibited the motion 
picture record of his observations, both 
entitled ‘*‘The Cuckoo’s Secret.’’ It is 
no exaggeration to say that no single 
study of any particular species of bird 
ever caused as much interest and heated 
controversy as did this one. Chance was 
able to reveal so convincingly that so 
much of what had passed for knowledge 
was in reality only unwarranted assump- 
tion or ill-founded tradition that many 
die-hards, finding themselves unable to 
adjust their thoughts to the new evi- 
dence, clamored loudly against the cause 
of their discomfort. From the start it 
was obvious that all the direct positive 
evidence was on Chance’s side, and the 
years have witnessed a more and more 
complete acceptance of his conclusions. 
The main points that Chance established 
were: (1) the cuckoo lays her eggs di- 
rectly into the nest of the victim and not, 
as previously stated, on the ground, sub- 
sequently placing them in the nest with 
her bill; (2) the female cuckoo has a 
definite territory to which she adheres 
throughout the season; (3) each female 
cuckoo lays a constant type of egg and is 
decidedly specific in her parasitism, 1.e., 
uses only nests of a single kind of bird 
as a host; (4) by destroying the nests 
of the favorite host species in sequence, 
so that only one nest was available at a 
time, it was possible to force the cuckoo 
to lay in a given nest and therefore to 
witness the process. Since Chance’s first 
book in 1922, a number of other observ- 
ers have used his methods and fully con- 
firmed his observations. 

In his new book, here under review, 
Chance repeats all that was said in his 


1 The Truth about the Cuckoo. Edgar Chance. 
xvi+207 pp. 1940. Scribner’s Sons. 


earlier one and give 

data from subsequent 

same individual cuck 

ones as well. In addit 

such topies as accidenta 

cies rarely parasitized 

fosterers (host-specifi 

of fosterers when sul 

attention; the young 

cially, its habit of ejec 

or eggs from the nest, and 

of mating and pairing and 

ject of territory and territorial 
nance in the cuckoo. He produce 
considerable body of evidence suggesting 
that the cuckoo may pair as do most 
birds and not be guilty of the promis 
cuous excesses literature has attributed 
to it. Chance even hints that pairing 
may be for life—but for this there ar 
no proofs. 

The final topic discussed is the matter 
of the variation in cuckoos’ eggs and the 
evolution of adaptive similarity in the 
egg of the parasite to that of its favorite 
host. As Chance says, ‘“‘ If one ex 
amines an extensive range of cuckoos’ 
ergs, together with those of the fosterers 
with which they have been found, one can 
not help observing how often the eggs 
of the parasite tend to resemble those of 
the fosterers. To put this another 


way, let us picture say three hundred 


cuckoos’ eggs mixed up at random which 
have been genuinely taken as to one 
hundred each from nests of pied wagtail, 
meadow pipit and reed warbler. I am 
suggesting that the experienced oologist 
would, with more accuracy than error, 
sort out these eggs and assign them to 
their correct foster species. Surely this 
shows that evolution in coloration has 
been and is going on?.. . Of course, if 
it is argued that similarity can occur in 
finitely often by coincidence, then the 
‘adaptation’ or ‘evolu- 


tion’ in -euckoos’ eggs falls to the 


whole case for 
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ground, but I share the view that the 
percentage of cases of striking resem- 
blance between cuckoos’ eggs and those 
of their fosterers is too great to be mere 
coincidence. ’ This leads to the conten- 
tion that the species, Cuculus canorus, is 
composed of gentes, each gens normally 
parasitizing a particular species of fos- 
terer (the number of common hosts be- 
ing not very large, the number of gentes 
would be equally moderate, all cases of 
rare victims being considered as acci- 
dental in one way or another) and that 
matings take place within the same gens. 
The genetics of the cuckoo are, of course, 
very imperfectly understood, but in an 
appendix to Chance’s book, Professor R. 
C. Punnett has added a most interesting 
and suggestive chapter on the genetic ul 
aspect of the cuckoo. The value of this 
chapter will become apparent in the 
work it may stimulate on this fascinat- 
ing subject. 

The reviewer has a special and very 
deep interest in the problems touched 


upon in this book, because it so closely 
parallels his own work on the cowbirds. 
He is continually impressed by the close 
he finds in interpretations 
and results between his own experience 


agreement 


and Edgar Chance’s, especially when 
taking into account the very diff. rent 
birds each has worked with. If Chance’s 
work needed any indirect corroboration 
and support, the data on the cowbirds 
would give it. 

HERBERT FRIEDMANN 


MAMMALS OF AMERICA! 


A CAREFUL reading of this book will 
convince the reader that the author has 
made good use of original literature 
sources, that he is thoroughly conversant 
with the subject-matter and that he has 
carefully considered the presentation of 
pertinent facts. It is a book that every 
mammalogist, naturalist and sportsman 


W. J. Hamilton, Jr. 
1939. $3.75. Me- 


Mammals. 
xii+434 pp. 


1 American 
Illustrated. 
Graw-Hill. 


THE SCIENTIFIC MONTHLY 


will want to read. Representative t 
of the mammal families of North Ar 
ica, from Panama to the Arctic ba 
lands, are chosen to illustrate t] 
ticular topic under discussion, | 
attempt is made to give detailed ac 
The first two ec) 
are devoted to a discussion of the 
cestry and classification of mammals 
Prior to the publication of ‘‘ Ams 
Mammals,’’ reference works availa! 
the interested reader were mainly s' 
descriptive lists, taxonomic treatis 


of each species. 


genera, economic reports and game 1 
agement accounts. From all these 
many other sources data were draw: 
preparing the chapters on adaptat 
food, reproduction and 

life, homes, hibernation, migration, ; 
ulations, behavior and distribution 

concluding chapters are arranged in s 


storage, 


a way as to give a general account of 1 
economic relations of mammals. T! 
in this category are classed as us 
mammals, injurious mammals, gar 
fur-bearing and predatory mammals 

In the chapter on the characters 
mammals, the reader gets a good insic 
into the function and use of teeth, | 
specialization, pelage coloration, ant 
and horn structure, body temperat 
normal actions of skin glands and s 
ondary sexual characters. Especially 
structive to the lay reader is the chapte: 
dealing with the external and inter: 
modifications of mammals for swimming 
burrowing and climbing, and the { 
tors that make existence possible in p 
regions and in desert areas. Since Ru! 
ner’s body surface law is the prem) 
around which much of the section 
Arctic mammals is organized, attent 
should be directed to the somewhat di! 
ferent conclusions reached by Bened 
(1936, Carnegie Inst. Washington Pu! 
474, pp. 282-286). In all the chapte: 
the emphasis lies distinctly on the « 
logical approach as a means for inter 
preting the various phases of mammal 
biology. One of the best features of this 
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PATIENT’S RESPONSIBILITY 





THE 






OPTIMISM is a potent force, but it is not 
to 
self-destructive 





extreme it Is 
Sel 


Carried 





omnipotent. 
to 
ence must be constantly conscious of the 
dangers of wishful thinking. We 


not promise more than we know is fea 





rone become 


pn 






must 






The promise implied in the title 
of a for the lay 
problems of health preservation is mis 
Health and longevity are not 
fairies and 





recent book reader on 






leading. 
to be had for the mere asking ; 
genii no longer work miracles upon re 
quest. Neither can the physician main 
tain health without earnest effort on the 
part of the patient. And then, 
there are many to whom health and life 










evel 






are denied. To be sure, modern medical 





science has far more than ever be 
fore to offer the 
advice as to how to maintain health and 
The pote ntialities of 


how 





person seeking sound 






prolong his Vears. 





preventive medicine are im- 


but their 
largely upon the conscientiousness of the 


personal 






mense, realization depends 






individual patient. 

Mankind reveals a curious perversity 
in declining to exert himself in prophy 
The causation 







laxis on his own behalf. 
of several of the significant and increas 






ingly menacing disorders of middle and 





later life is frequently associated with 
Thus, preven 





indulgence and excesses. 





tive management often involves irksome 





restrictions and prolonged personal ef 
forts. All too often the dislike for such 
continuous limitations leads to their neg- 
lect ; the physician is then blamed for the 
failure of the régime. Few, indeed, are 
those individuals who do not welcome an 











opportunity to pass responsibility to an 
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1940, 


! More Years for the Ask 
erohn. pp. $2.00. 
Century Company, Inc. 
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ready wrought hay vith the sens 
responsibility of « tizens 
Throughout the Dr St 
maintains aie stronns pot irist 
Suel encouragement ~ sirab 
should bring ma 
physicians. This is 1 first 
step In personal | I 
This message can not be ove 
sized. But there is just a 
stress upon What the doctor es al 
little clarification of the pat . 
responsibility to himself. Ambrose P 
the father of French s SIX 
teenth centurv, was fond of s 
( ressecdl his wounds anad ty hea ! 
To-day ’s version of The tive 
plaved by the phys 
**The doctor assists the 
owl repairing ‘ el 
prescribe medicati t rect 
of an anemia, but it is the b | 
must manutacture the blood s 
Information for th 
evaluation, heart ciseas ! 
betes, pneumonia and si r prol 
is clearly presented he state S 
sound Very litt effort s I 
eve In explan ne the me SrUS 
derlying disease and the basic reas 
for therapeutic procedures. It has b 
the reviewer's experience that inte 
and effective cooperattl s obtained | 
when the patient understands why | 
she should do things The stvle is 
with many personal narrative sh 
used to illustrate the author’s points 
In contrast with the ma) vic 
curate books ot healt n\ lel md 1 
cine intended for the lavman, this 1s 
very sound contribution and fits we 
the ‘* Popular Health Series’’ of the p 
lishers It Is not, howevel ! tstal 
ing or profoundly significant volume 
EpWARD J. STIEGLITZ 
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SCIENCE AND VACATION AT DURHAM. N 


mM June 23 to June 28 the America) 


ie Advancement of S 


+ 


\ss ation for 1 


vill combine business with pleasure 
ding a meeting at Durham, New 


In connection with the 


H pshire, 
on of the seventy-fifth anniversary 
e founding of the State Universit 
Im eciately preceding the meeting 
issoclation the university will hold a 
Congress of Science and Humanities as a 
nart of the celebration 
The meeting of the association will be 
, pleasure to those who participate in it 
because on its thirty-five programs there 
will be many reports of new advei 


tures in science It will be a pleasure 
to pass a few days in the tranquil atmos 
phere of a university town. It will be a 
pleasure to draw apart briefly from the 
strife of the day and take a lone look at 
the nature of the physical and biological 
worlds and at the problems of man. It 
will be a pleasure to visit the sea, the 
lakes and the mountains of perhaps the 
most restful and delightful vacation land 
in our country. 

Although the association will hold a 
meeting from September 22 to Septem 
ber 27 at the University of Chicago in 
onnection with the fiftieth anniversary 
of its founding, a varied and interesting 
program will be presented at the Durham 
meeting. It will range from the rare at- 
mosphere of abstract mathematics to the 
racial origins of the inhabitants of pres 
ent New England. The meteorologists 
will consider questions pertaining to the 
atmosphere above and the geologists to 
problems of the earth beneath our feet 
The programs of the botanists and the 
geologists will consist largely of field 
trips. Somewhat envious members of 
ther sections and societies mav attempt 
to tease their botanical and geological 
friends about calling pleasure trips sci- 
ence, but the latter can make the re 


joinder that Pope would have said, if he 
had written on the subject, that the 
roper study of botany is plants and of 
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inhabitants, most of whom ardently de- The little red school house 
sired to become separate from Great lacked the lavish equipment an 
Britain. In fact, on June 15, 1776, two letic teams of modern public sel 
weeks before the Declaration of Indepen it opened somewhat the window 
dence, its Assembly voted for separation and lore and instilled deeply th 
from the mother country It was, how mentals of human character. N 
ever, the ninth state to ratify the Federal certainly say at present whicl 
Constitution ; the vote of its Assembly in education in the lone run. wi 
1788 gave the two-thirds of the thirteen — petter. 


original states necessary to make the Con- New Hampshire, however, has 


sutution effective . tune with the progress of hievhe 
New Hampshire was a part of Massa-  ¢j9) Dartmouth College first 


chusetts when, in 1647, it passed a law ‘ts doors in 1769 and for more tl 


requiring every town having hits house Vvears has occupied an honorable 


holders to maintain a school for teaching some respects an almost unique 


reading and writing, and every town cellems elucation Im 1086. ft 


having one hundred householders 1 Thompson, a farmer of Durham, 


ons to roar a grammar school. It entire estate to the people of New H 
nt a ciel to pre ngewe! os shire to establish a college of avric 
the fine qualities of the neighborhood |), the land he had owned. The 1 


school, and one might still often say with sity of New Hampshire, beginn 


Whittier, 


Still sits the school houss by the road, 


1866 as a department of Dartmout! 


ye - hein lege, was removed to Durham in 189] 
d agyes egy gril Ss in ig, u i » 
And round it still the sumaes grow now consists of the College of A; 


And blackberry vines are running. ture, the College of Liberal Arts 
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bie “ey 
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HAMPTON BEACH, ONE OF THE MANY RESORTS NEAR DURHAM 
SCENIC ATTRACTIONS NEAR DURHAM VARY FROM BEACHES, SUCH AS THIS 20 MILES DISTANT, TO 1 
WHITE MOUNTAINS AND LAKE WINNEPESAUKEE, WHICH ARE ONLY A FEW HOURS’ DRIVE AWAY 
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GREAT BAY FROM WEEK’S POINT, IN DI 


r ON OYSTER RIVER, A 


College of Technology, witl 

erous departments, and its 

School. It has a faculty of nearly 200 
f the grade of instructor and higher 
ud more than 2,000 regularly enrolled 
students. In its summer school this vear 
beginning on June 30 and closing on Au 
gust 8, courses will be given in more than 
6U subjects, including all those usually 
found in college courses In addition 
there will be held the fourth annual In 
stitute of Public Affairs, a Writers’ 
Conference, a Guidance Institute, an 


Elementary Education Conference, a | 


brary Institute and an Office Workers’ 
Institute. 


Durham is in a region rich with memo 


ries of great leaders in learning and lit 
erature of an earlier day In this area 
Whittier, Hawthorne, Longfellow, Emer 
son, Thoreau, Webster, Thaxter and Al 
lrich lived and worked, and there are 
found shrines in their honor. The uni 


ersity is only a few miles from ocean 
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THE ANNUAL MEETING OF THE NATIONAL ACADEMY OF SCIEN 


tts 


THE seventy-eighth annual meeting of discussed The average a 
the National Academy of Sciences was the scientifie sessions was 300 
held on April 28, 29 and 30, 1941, at On Monday evening the pul 
the Academy building on Constitution was given by Drs. R. A. M 
Avenue, Washington, D. C. One hun Victor Neher and W. H. P 
dred and thirty-three members and one the California Institute of Te 
foreign associate attended the meeting. on ‘‘Testing in India a theor 
At the scientific sessions thirty-two pa origin of cosmic rays’’ to an ap) 
pers and two biographical memoirs were audience of 350. The lecture 
presented ; of these, twenty-one papers lowed by the showing of still ay 
were given by members. The distribu- colored pictures taken by Dr. N 
tion of the papers among the sciences India and on the journey to 


was: mathematics, 1; astronomy, 3; India 


physics, 5; chemistry, 2; geology, 5; At the annual dinner the pres 


botany, 5; zoology, 6; physiology, 1; bio the Academy, Dr. Frank B. Jew: 
chemistry, 1; anthropology, 1; psychol- cussed briefly the many problems 
ogy, 2; oceanography, |] In presenting by the Academy in connection 
his paper each speaker sought to em- quests by the Government 
phasize the general nature of his investi- and noted the progress that has 
gation and to limit technical details to. made in solving a number of thes 
essential data, so that the purport of the lems He referred also to the ste 
work might be more readily understood have been taken to establish the pI 
by scientists outside his special field of | National Science Fund A con 
research As a result the papers were of the Academy under the chairm: 


unusually interesting and were freely ot Dr A Ke Blakeslee has been 


DR. T. Y. THOMAS DR. ARTHUR 8S. KING 


PROFESSOR OF MATHEMATICS, UNIVERSITY Of} SUPERINTENDENT OF THE PHYSICAI 


CA OR , LOS ANGELES. MOUNT WILSON OBSERVATORY 
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DR. ROBERT WILLIAMS WOOD 


n this proposal for several vears; at the 
business meeting of the Academy the 
ommittee submitted a proposed const! 
tution for the Fund together wit! 
endations for its administration 
“onstitution was adopted by the 
emy. The object of the National S 
Fund, as stated in its constitution 
be the promotion of huma 
through the advancement of s 
Under the sponsorship of the National 
Academy of Sciences, the National Se1 
ence Fund may receive bequests, dona 
to be ad 
Directors 


tions, grants and other gifts 
ministered by a Board of 


appointed by the Council of the Acad 
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tional Academy of Sciences, the N 
Science Fund is a permanent me 
which affords donors, who may ce 
devote funds to the welfare of 1 
through research in science, ass 
that wise administration will saf\ 
the entrusted funds and disburs: 
in support of effective original 
science 

The Henry Draper Medal was a 
to Robert Williams Wood, resea: 
fessor in experimental physics 
Johns Hopkins University, in 


DR. CHARLES C. LAURITSEN 
PROFESSOR OF PHYSICS, CALIFORNIA NSTI 


OF TECHNOLOGY 


DR. W. E. BACHMANN 
PROFESSOR OF ORGANIC CHEMIS 


NIVERSIPA OF MICHIGA) 


tion of his contributions to astronon 
physics ; more especially his pioneer v 
upon resonance spectra, his use of 
filters in astronomical photography 
his development of methods for cor 
trating to a high degree the light 
diffraction gratings in desired or 
and regions of the spectrum. Such gi 
ings not only are of great value in s 


; saat and laboratory spectroscopy, but hi 

DR. J. R. OPPENHEIMER may P 

PROFESSOR OF PHYSICS, UNIVERSITY OF CALI 
FORNIA, BERKELEY. sion than has hitherto been emploved 


made possible the use of higher disp 
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study of stellar spectra and the ex 
sion of observations into the far ultra 
eT Dr Wood's experiments itl 
ective grating replicas have also led 
esults of great promise in the photog 
hy of spectra of faint stars In his 
sentation speech Dr. Otto Struve of 
Yerkes Observatory emphasized the re 
rkable advances which Dr. Wood h;: 
ade in the ruling of diffraction er: 
vs. Through selection and shaping 


point of his ruling diamond 


DR. JOSEPH SLEPIAN 
RESEARCH ENGINEER, WESTINGHOUSI 
AND MANUFACTURING COM 


Wood has sueceeded in throwing as 
much as one half of the incident light 
into a chosen order of the spectrum. He 
was the first to achieve excellent results 
in ruling gratings on films of aluminun 
evaporated on glass. Asa result a Wood 
grating with high concentration of light 
is one of the most effective instruments 


of research in stellar spectroscopy 


has made possible the analvsis 0 


spectra of the brighter stars on a large 
scale, has opened up the almost unex 
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DR. KARL SAX DR. GEORGE B. WISLOCKI 
Y, HARVAR NIV mSITY. PROFESSOR OF ANATOMY, HARVARD MED 


SCHOOL, 


DR. J. T. PATTERSON DR. RENE JULES DUBOS 
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DR. EVARTS A, GRAHAM 


PROFESSOR OF S IGERY. SCHOO 0 


WASHINGTON NIVERSITY 


plored ultraviolet region of stelli 
tra, and has already led to discoverie 
interest regarding the constitution 
gases in interstellar space 

On Monday afternoon 
members and guests visited 
Gallery of Art which was erected throug! 
the generosity of the late Andrew W 
Mellon and was opened to the public onl) 
afew weeks ago. Special guides showed 
the visitors through the gallery and con 
mented upon the various collections ot 
paintings and works of art which wer 
well exhibited and were greatly admired 
The architectural effects and beauty of 
the building itself attracted attention 
and impressed the group profound) 
The short visit was extreme) 


+ 


ing and was appreciated by the visitors 


At its business meeting on Wednesday 


April 30, the Academy elected the 
lowing officers and members: 


Vice Preside nt 
Dr. Isaiah Bowman, pr 
Hopkins University, B: 
New Members of the Council of 
S. A. Mitchell, Leander MeCor 
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DR. EUGENE DUBOIS, 1858-1940 


It has been learned that Dr. Eugene 
Dubois. famous for his 


1891, of the skullcap of the Java ape 


discovery, in 


man, known as Pithecanthropus erectus, 
recently died at his home in Holland at 


the age of 82 vears 


No finds relating to human pre-history 


have received more attention and pub 
licitv than those attributed to the Pithe 
more 
The 
1890 


eanthropus, and none deserved 
Nor are the discussions vet ended 
remains were discovered between 


and 1897 in Java, by or under the di 
rection of Eugene Dubois 

As a young physician Dr. Dubois was 
appointed to the service in Java as a 
efforts He 


ready an accomplished anatomist, pale 


result of his own was al 


ontologist and student of human ances 


try, and he went with the object of 


searching for possible human ane 
in the East Indies 
** Health-Officer’’ 
organization of the Colonies, but 


From 1887 he se 
as a 


in the mil 


siderable part of his time was devot: 
to a search of the caves in Sumatra ; 
the collection of fossils 

In 1889 Dubois came to Java, and 
April of that vear he 


the Colonial government, at 


was delegated 

his own «de 
sire, ‘‘to extend his studies to the tertia1 
Java.’’ Fro 


1895. 


fauna of 
the middle of 
Minine Bulletin 
quarterly a report by Dubois or othe 


and diluvial 


then on until 
rovernment carrie 


on the progress of his work, and it 1s 
these reports that the original account 
of his fortunate discoveries are recorde 
The first note of importance is foun: 


in the report for the first quarter of 1890 
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Dubois announces that he had 
ered, on November 24, 1890, 
‘called Kendeng deposits of the 
“l of the Bengawan river, a 

ssil, consisting of a fragment 

wer jaw 

The first report by Dubois on the finds 

ating more directly to the Pitheca 

ropus appears in the third quarter 
1891. Speaking of the work near Trin 
»Savs: ‘*The most remarkable find how 

er was a molar tooth (the upper third 
permanent molar of the right side) of a 
chimpanzee. ”’ 

In his report for the fourth quarter 

1891, Dubois announces the discovery 
of the skulleap, vives the first notes and 
measurements on it, and attempts its 
classification He Savs: ‘The Pleisto 
ene fauna of Java, which in Septembe 
of this vear was augmented by a molar 
irther en 


of a chimpanzee, was much f 
riched a month later. Close to the spot 
in the left bank of the river where the 
molar appeared, there was unearthed a 
fine skulleap which, with even less doubt 
than the molar, may be attributed to 
the genus Anthropopith cus troglodytes 
That both the specimens come fron 
great manlike ape, is at once clear.”’ 
The next note of much interest) by 
Dubois is found in his report for the 
third quarter of 1892 He here an 
nounces the discovery of the femur, and 
gives the form represented by the finds 
its first specific hame The femur was 
discovered, he states, at the same level 
as the skulleap and the tooth, but lo 
meters (nearly dO ft further upstream ; 
and it is plain to him that the three 


specimens, the tooth, skullcap and femun 


belong to the same individual, probably 


a female of advanced age ‘Through 

each of the three recovered skeletal parts 

and especially by the thighbone, the ISCUSSION 
hers Anthropopithecus erectus Eug Dubois Dubois’ 
_— approaches man more closely than does acknowledge 
its any other anthropoid.”’ tance; but 
led With the season of 1893 the excava batted The 


—_ tions at Trinil came to an end; and problems 
sO) . 
towards the end of the second quarter whether the 





at } 


belonged 
least to the 
the identi- 


the teeth and the femur, 
to the same individual or at 
the other, that of 


this form 


two 
Same form; 
fication of 

But all this is not the pivotal essential 
of the find, 
high 


are universally 


Its 


and diminishes in no wise 


interest and value, both of which 


acknowledged, particu 
since the endocranial cast has be 


Neither should the stu 


dent allow himself to be confused by the 


larly 


come available 


seeming flood of discrepancies of opinion 
the The 


often more apparent than real, and even 


on remains differences are 


where real they by no means discredit 


the find, but are only so many attempts, 
all the 


collections 


limitations of our 


to 


under vreat 


present and knowledge, 


reach a true conelusion 
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The Trinil skull 


the 


alone 1s sufficis 


establish presence In what 
Java. somewhere during t] e ear 
earlier, of 


the a 


ernary, and possibly 


ff beings that so resembled 
pod 


in the direction of mi 


apes, on one hand, and came s 
in in the othe 
if they were to be named today we 
hardly find a more appropriate nat 
them than ‘*Pithecanthropus.’’ 

[In recent vears a number of addit 
specimens that may be attributed 1 
Pithecanthropus were found in the s 
These are not 


not 


Java 
but do 
conclusions ot Dubois 


region of vet 


deseribed. change the 


ALES HRDLI 


THE BIOLOGY ALCOVE OF THE SMITHSONIAN’S NEW “INDEX EXHIBIT 


ld of the biological 


ror any 


THe whole fie SC] 


ences Is too vast one institution 
to cover. Like other research organiza 
the had to 
its own labors to a small section of 
faithful to the old 


descriptive aspects of biology, where it 


tions, Smithsonian has re- 
strict 
it and has remained 
has been one of the most productive mn 
stitutions in the classical fields of taxon 
omy and biogeography, leaving to newer 
laboratories, unencumbered with the care 
and responsibility of great museum col 
the recent experimental 


leetions, more 


BIOLOGY ALCOVE IN 


DIAGRAM OF 


THE 
THE CENTER CHART IS 
FICATION AND DESCRIPTION, 


THE RIGHT ONE 


THE SMITHSONIAN 
THE FORMS OF LIFE. 


biol 
‘In 
accordingly has for its cent 


Here, 01 


approaches to the science The 
alcove in the Smithsonian’s new 
Exhibit’’ 
theme ‘‘the forms of life.”’ 


hypothetical diagrammatic ‘‘tree,’’ 


painted the main groups of animal 
plant life, arranged to show their s 
posed relationships 

Flanking this are exhibits illustrat 
the 
classification ”’ 


work involved in ‘‘deseription ai 
on the one side and ‘‘y 
the other 


IS develope 


distribution ’”’ 
the 


riation and on 


In the former, theme 


‘INDEX EXHIBIT’’ 
THE LEFT DEMONSTRAT 


PRESENTS VARIATION 


PANEL 
AND DISTRIB 





‘BIT” 
oloe 
Index 
entr: 


» OL a 


ratine 
1 and 

"Va 
other 


loped 


- 
. 
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Scaeececcace 


INDIVIDUAL VARIATION 


‘ 


AN EXHIBIT TO SHOW SPECIFIC P LSI F BIOLOGI 


ARE EXEMPLIFIED IN TI CASE BY SPE¢ 


around the basie work, the first main 
step, that of collecting the material 
the specialists to study. In the upper are shown 
center is a map of the world, showing all ew spe 
the places where Smithsonian biologists 
have explored and collected in the past 
ten vears. This map is enlivened by a 
series of colored transparencies showing 
field parties at work in various parts of 
the world. Under this is a recessed case 
of ‘‘recently received material of special 
interest,’’ containing at present a series 
of Siamese fresh water fishes, showing 
remarkable adaptive features and habits 
On either side of the expedition map Is 
a vertical recessed case—one with the 
title. **Collecting Expeditions Add New 
Species to Knowledge.’”’ and the other. 


Is for About Know 


al 


CCCCCCC CCC 
ccc 


RECC es 
‘ee 


Sp 





O82 
ical variation and the phenomenon of 
the 


song sparrow being used as the illustra- 


geographical subspecific groups 


tion. The right-hand case explains bio- 


geography and shows on two colored 


hemispheres the main biological regions 
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of the world and illustrates by m« 
peculiarities of o1 
these faunal areas, in this case, the 


specimens the 


tralian region. 
HERBERT FRIEDMA 
SMITHSONIAN INSTITUTION 


PHYSICISTS IN NATIONAL DEFENSE 


IN his report to the Governing Board 
of the American Institute of 
Dr. Henry Barton estimated that one out 


Phy si¢s, 


of every four physicists in the United 
States is working on problems of national 
The estimated number is 1,400 
out of a total 4,100 physicists who are 


defense. 


members of at least one national profes- 
sional society in physies. 

A recent survey of more than 130 uni- 
versities indicates that, of their total staff 
of 1,100 professors and instructors of 
100 


called away from their campuses for offi- 


physics, over have recently been 


cial defense research projects. At least 
another 200 have been named consultants 
full or 
their home 


part-time defense 
some 


or assigned 
tasks at 
50 graduate students of physics have 


institutions. 


dropped their studies to accept defense 
assignments. 
In addition, there is approximately 
300 physicists in the technical services of 
the army, navy, air corps and other gov- 
ernment departments, mostly full time, 
and of these at least 250 are at work on 
problems intimately concerned with na- 
tional defense. It is estimated that 800 
of the 2,500 trained physicists employed 
in industry are at work on problems re- 
lated to the de- 
mands of defense agencies and industries 


national defense, and 
for physicists is greater than can be met. 


In industry it is estimated that 2,500 


trained physicists are employed, many 


of them in the research laboratories of 


large corporations. On the basis ¢ 
ports received at the institute offic 
S00 of 
work programs in line with the nee 
Indeed, if all 


designed to improve or speed the pro 


least these have gone onto 


national defense 


tion of defense materials and prod 
be counted, the number is greater 
S00. 

Not only is the supply of 
but the output of 
physicists is being curtailed. Th 
called from univers 
for defense research are often those | 
fitted to 
However, their remaining colleagues 


phys 


being strained, 
who have been 


train new research physi 


assuming increased teaching loads 
keep up the standards of training off 
to students 

Unfortunately, the careers of mi: 
students are about to be disrupted by 
draft. Most of them are unmarried 
of draft age. 
done to keep these much needed stude 


Unless something cai 


in the graduate schools, the number 
men receiving advanced training in p! 
ics will drop to less than half of the 
What 
country needs is to multiply this fig 
rather than to cut it. Since a thoror 
training in physics requires three or f 


cent average of 130 per vear. 


vears of graduate study, it is nearl) 
possible to increase the annual increm: 
of good new physicists. Therefore, ev: 


effort should be 
it up. WH 


made at least to ke 
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RECENT BOOKS OF SCIENTIFIC INTEREST 


The Separation of Gases. M. RUNHEMAN li Rheumatic Fever. M 
trated. xi+ 283 pp $5.75. 
Oxford. 

This volume presents 


rhe object of this book is to supply an account 
twenty years’ study in 


the technique and theory of gas separation which will 


manifestations, course diagnosis prognosis 


appeal to both the gas-separation engineer and to the ment of rheumatism in persons less that 


ot 


physicist and chemist of wide general interests age Extensive bibliographies are ivel 
Silver in Industry. Ed. by L. Appicks with 28 Geophysical Exploration. | 
collaborators. Illustrated. 656 pp. $10.00. Rein 1013 pp. $10.00 1940 Pre 
hold. 

rhis volume contains the results of extensive inves This is a manual of research in geophysics 
tigations carried out by the government sponsored 
SILVER RESEARCH PROJECTS with the active co 
operation of the National Bureau of Standards, the 


troduction summarizes present knowledge 


ject, but the major part of the book is 


suuirpose of which was to stimulate interest in the in detailed descriptions of apparatus to nly 
pur} | 


dustrial possibilities of silver gravitation, mining and seismology 


Catholicism and the Progress of Science. W. M. Psychiatric Social Work. LL. M. Fre» 
AGAR. xi+ 109 pp $1.00. 1941. Maemillan. 344 pp. $2.25 1940 


> Commonwealt} 
This is a survey of the historical development of 
science and its relationship to Christian thought Par \ study, sponsored by the American Asso 


ticular attention is given to the controversies on geog Psychiatric Social Workers, concerning th 
raphy and astronomy Evidences of evolution are velopment and future of social work relating 
studied and recent trends in the biological sciences in chiatric cases, Training and new concepts in 
vestigated are particularly considered 


Greenland Lies North. W. S. CARLSON 


Kabloona. (i. pe PoNncins. Illustrated. — xii ‘ 
trated. 306 pp. $3.00, Maemillan. 


339 pp $3.00, 1941. Reynal & Hitcheock. 
This book was shaped out of the diaries of the au The author describes a long Arctic winter he 
thor on life as he witnessed it, north of the Arctic at a frozen outpost in a far northern region of 


Circle, where the Eskimos still live primitively, both land He gives an account of extended sledge 


physically and mentally untouched by our civilization well as of Greenland’s people and life 


Books previously announced will be given space six times on this page for $12.00 
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Doing his 


best with a 


| ° | The hardest job of the Bell System is to give you 

toug 1 J O ) more and better telephone service and yet keep rates 
low. It isn’t easy to keep those two things in balance. 
Increasing costs and taxes make it difficult. 

But there is no end to trying. There is never any 
letting up in the search for a better, more economical 
way. All along the line, the Bell System believes in 
economy in business housekeeping. That is part of 
its obligation to the public. 


BELL TELEPHONE SYSTEM aN 
* * 


Listen to “The Telephone Hour” every Monday (VN. B.C. Red Network, & P. M., Eastern Davlight Saving Time) 
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For the Phystological Laboratory 
ELECTRODES WITH UNIVERSAL ADJUSTING AR 








Flexible Electrode Holder with adjustments—one-fourth the ac 


Electrodes. Detachable silver or platinum tips, quickly inter- 
changeable. Handle and cord strongly and durably coupled. 


Electrode Holder. A lead flexing arm supports the electrodes in 
a removable screw-clip. A binding screw fixes the arm within a 
tubular mounting-rod by slide adjustment. By this means the 
flexible lead wire can be promptly shortened or renewed. 


Adjusting Clamp. Slow motion governed by a knurled head 
swivel action by a set-screw. 


Stand with Adjusting Screw. Rotation of post through 45° by 
an adjustment head operating on the semicircular base. 


Each of these devices may be obtained separately. Writ: 
price list and catalogue of Physiological Apparatu 


The HARVARD APPARATUS COMPANY, Incorporated 


Dover, Massachusetts 
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I mproved... EASTMAN 
ALPHA-PARTICLE 
PLATE 


| in Eastman Alpha-Particle Plate has re- 
cently been improved so that it may now be 
used for recording proton tracks. They are of good 
length and grain count, and can be obtained with 
the minimum of grain in the background. The im- 
proved plate is. of course, just as satisfactory as 
the earlier type for recording alpha-particle tracks. 

For full information concerning the various 


Eastman plates for special scientific purposes. write 


for a free copy of the booklet, Photographic Plates 


for Use in Spectroscopy and Astronomy. 





EASTMAN KODAK COMPANY 


Research Laboratories Rochester. N. ¥. 
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LIFWYNN CAMP :: BOYS AND GIRLS 
Lake Chateaugay, Merrill, Clinton Co., N. ¥ 

situated in the Adirondacks Ts \ 

physical and social activitie 

id 13 

Activities consist of training in 

or cooking, forest preservation 


nn Camp 
od program of 
and girl ages 7 t 


; 
There are als 
¢ swimmin 
expert canoe fn 

The directors are in a p 
vironment the f intensive researches in the 
human relations Their aim is to provide 
the child's native enthusiasn 
their greatest fulfillme 


William E. Galt, 


sition to apply the « 
1 setting in whic 
and self reliance can < 
Booklet 
M.A., Ph.D., John D 
) 
7 East 37th Street, New Vork City 


Rurrow, 











IN QUEST OF GORILLAS 
By Dr. W. K. Gregory and 
H. C. Raven 


The story of an expedition under the aus 
pices of the American Museum of Natural 
History University to collect 


adult gorillas in equatorial Africa 


and Columbia 


The Darwin Press, 
New Bedford, Massachusetts 


$3.50 $3.65 Postpaid 

















NEW YORK’S 


* FAMOUS HOTEL FOR WOMEN 


The unescorted woman visiting New York will find 
a friendly welcome, charming environment and the 
utmost in privacy and security, at this delightful 
hotel. Convenient to smart shops, theatres, and 
Fifth Avenue. 

Unusually homelike rooms as low as 


$1.50 DAILY, SINGLE $2.50 DOUBLE 


43 HOTEL 
MARTHA WASHINGTON 


29 EAST 29th STREET 
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Now—CRUISE your way to 


CALIFORNIA 
and MEXICO 


\ glorious 5500-Mile voyage 
via Havana and the Panama 
Canal Amer- 
ica’s largest, finest liners. 
For 
Travel Agent or writ 
to tine Broadway 


New York City 


U.S. Lines 


aboard one of 


Is. see vou 


] 
aetrtal 











The Telescope 


features in its November- 
December issue: 


Under Southern Skies 
Dr. Annie J 


Cann 


Sources of Stellar Energy 
Dr. R. E. Mars! 


The New Comets 
Mr. L. E. 


Cunningha 


The Telescope is published bi-mont! 
at the Harvard Observatory, Ca! 
bridge, Massachusetts. 


$1.00 per year 20 cents per copy 
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Edited by 


J. MCKEEN CATTELL, F. R. MOULTON AND 
WARE CATTELL 


CONTENTS 
TRENDS IN PLANT SCIENCE. Dr. D. T. MacDovea! 
MAUPERTUIS, AND THE PRINCIPLE OF LEAST ACTION 
JEROME FEE 
SCIENCE AT AMERICA’S FIRST UNIVERSITY. Cornett Ma: 
DOowWLIN 
PROGRESS IN FOREST FIRE CONTROL. Grorce M. Gowe» 
ANT MOUNDS IN SUMMER WOODS. Proressor E. A. AND 
THE CHARACTER OF WEATHER. Dr. ADELBERT K. Bo 
THE REAL IN AR PROFESSOR JAMES BYRNIE SHAW 
WHAT IS PHILOSOPHY? Dkr. Arcuiz J. BAHM 
THE FIELDS OF ENVIRONMENTALISM. Dkr. Roperick 
BOOKS ON SCIENCE FOR LAYMEN: 
The Truth about the Cuckoo; Mammals of America; The 
Responsibility 
THE PROGRESS OF SCIENCE: 
Science and Vacation at Durham, N. H.; The Annual Meet 
the National Academy of Sciences; Dr. Eugene Dubois 
The Biology Alcove of the Smithsonian’s New ‘‘ Inde 
Physicists in National Defens: 
INDEX 
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NEW BOOKS OF SCIENTIFIC INTEREST 


A Mathematician’s Apology. G.H. Harpy. vii+ 
93 pp. $1.00. 1941. Cambridge University. 


A personal account, intended for non-mathemati 
cians, of the meaning of mathematics, discussing and 
illustrating its force and beauty as well as defining its 
use The author discusses the worthwhileness of the 
study of mathematics and the justification of a mathe 
matician’s life 

New Worlds in Science. Edited by H. Warp. 
670 pp. $3.50. 1941. McBride. 


This is an anthology of contemporary science The 
author has assembled a collection of writings that, in 
his opinion, reflect the ideas and describe the achieve 
the most eminent scientists and re 


ments of some of 


search workers of our time 
Explorers of the Antarctic. W.H. Hosss. Illus 
trated. 334 pp. $3.00. 1941. Field. 

An Arctic explorer, student of polar regions and a 
personal acquaintance of nearly all polar explorers of 
modern times, tells the life histories of several of these 
celebrated men as one by one they met the challenge 
of new frontiers. 


What Are Vitamins? W.H. Eppy. Illustrated. 
247 pp. $2.75. January, 1941. Reinhold. 








the nature and work of vitamins 
to indi 


Two chapters on 


in general are followed by chapters devoted 


vidual vitamins: their sources, properties, functions 


and effects. The author attempts to condense already 


available information without sacrifice of accuracy. 


Bacteriology of Public Health. G. M. CamERon. 
Illustrated. 451 pp. 1940. Mosby. 





This book presents information in regard to patho- 
logical bacteriology from the public health viewpoint, 
attempting to incorporate only those descriptions of 
symptoms and processes of diseases which are of defi 


nite value in understanding the infecting organisms. 


The Plant Doctor. 
trated. xv+297 pp. 





CYNTHIA WEsTcOTT. Illus- 
$2.00. 1941. Stokes. 

A garden guide for the control of plant pests; based 
on the author’s practical experience in garden mainte- 
nance 
Middle West, Southeast, 
well as the Eastern states 


It offers special advice for gardeners in the 
Southwest and California, as 


The New Prometheus. L. 
$1.00. 1941. Macmillan. 








107 pp. 


BRYSON. 
A message to educators and laymen pressing the 
problem of teaching people to think, this book indicates 
the need to quicken the will to think and to employ 
the method of science in attempts to solve the problems 
of living in critical times 


Chemical Warfare. ©. WACHTEL. lx + 
March, 1941. Chemical Publishing Co 


This book endeavors to present informat 


specialized branch of applied science in a 
prehensible not only to chemists, physicians 
and military experts, but also to laymen wi! 


haps potential victims of war gases 





The Golden Throng. FE. W. TEALE. 
208 pp. $3.00. 1941. Dodd, Mead. 


An introductory chapter, tracing the be: 
and the evolution of the colony, is followed 
story of the life and individual duties of dr 
and worker bees 


Seventy-four photograp! 


author of his own hive accompany the text 


The Adolescent Personality. 
517 pp. $3.00, 1941. Appleton-Century 


Four cases are selected of normal adolescent . 
of different socio-economic and educational 
theory of adolescent personality is 
first two cases and tested in the last 
plying this knowledge of 
problems in general. 

The Lungfish and the Unicorn. W. Ley 
trated. 305 pp. $2.75. April, 1941. M 
Age. 





developed 
two, fir 


adolescence to ed 





The author takes his reader on an “excursi 
romantic zoology” as he answers questions and 
lates concerning strange beasts from distant p! 
remote eras, gives accounts of scientific disco, 
attempts to view evolution as a continuous proc: 


Man, the Mechanical Misfit. 
251 pp. $2.50. March, 1941. 





Macmillan 


The author argues that as a result of not 
fitted for modern civilization the individual as wv 
the race is degenerating ; that science keeps ou: 
lings alive to propagate their weakness at the 


of the whole human race. 


Living Treasure. I. T. 
290 pp. $3.50. 1941. 


The author describes his work and adventures 
Jamaica, British Honduras, Yucatan and the h 
of Haiti, to study living animals in their natu: 
roundings. He was especially interested in co 
ing habitat to species, investigating disease among 
animals and plotting evolutionary graphs 


Help Your Doctor to Help You. 
ALVAREZ, editor. 95¢ each. 1941. 





SANDERSON. Illust: 
Viking. 





Series W 
Harper. 


This series is composed of five books: Sick Head 
or Migraine, Gastric or Duodenal Ulcer, Gallstones 
Disease of the Gallbladder, Colitis and Food Al! 
which were written to give patients general m¢ 
knowledge and help them cooperate with their p! 
cian. 
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Important texts 
for 1941 college 


science courses 


Woodruff’s FOUNDATIONS OF BIOLOGY. 
Sixth Edition. In making this very thorough revision the 


ithor has had the cooperation and suggestions of four other noted 
ologists. About 50 outstanding new illustrations have also been 
led, and the useful Botany Appendix has been extended. 77 
jes. $3.75.)  Baitsell’s Manual of Biology to accompany this text 


also be revised this spring, to be ready for use in fall classes. 


Mavor’s GENERAL BIOLOGY. Second 


Edition. Additional material on botany and human biology, and 
many new illustrations increase the value of a very well-liked text 
Ready May 20th. (897 pages. $4.00 probable.) Laboratory Ez 
ercises in General Biology, closely coordinating with the text, are also 
being prepared by the author and will be ready in time for use in fall 


lasses. 


COMPARATIVE EMBRYOLOGY OF THE 
VERTEBRATES, by Dr. A/fred F. Huettner. 


\ modern approach and interpretation, thorough scientific accuracy, 
nearly 200 original illustrations, all exceptionally clear, detailed, and 
weurate, make this an outstandingly fine text for students of embry 
ogy. Re ady May 20th. (c.420 pages. $4.50 probable.) 


COLLEGE ENTOMOLOGY, by E. O. Essig 


This book covers the history and biology of the 33 orders of insects, 
mphasizing those species which, because of their historical background, 
conomice importance, or unusual and interesting appearance, should 
be known to all students of natural history. Full lists of families, 
keys for separating the various categories of insects, and abundant 
lustrations, largely original, are included. To be ready in September 
c.860 pages. $5.00 probable.) 


New revisions of 2 of 
the most popular basi 
texts for general 
biology. 


A new text for embry- 
ology, unique in the ex- 
cellence of its illustra- 
tive equipment. 


A very comprehensive, 
completely illustrated 
new foundation text in 
entomology. 


The Macmillan Company, New York 





Important texts 
for 1941 college 


science courses 


Holmes’ GENERAL CHEMISTRY. Fourth 


Edition. New treatment of metals to show their preparation, 
properties, and uses; a new chapter on strategic raw materials; up-to 
the-minute material on petroleum, plastics, synthetic fibers, etc.; and 
discussion of recent research and theory further strengthen this popu 
lar text. Ready in June. (c¢.700 pages. Illus. $3.75, probable.) 


Brinkley’s PRINCIPLES OF GENERAL 
CHEMISTRY. Third Edition. 4 thorougnly 


modern, up-to-date presentation for students who have had high-school 
chemistry, this text is notable for its excellent treatment of all modern 


chemical theory. Ready in June. (c. 737 pages. $4.00, probable.) 


YY ’ ‘ ~ yey . . 7 
Sherman’s CHEMISTRY OF FOOD AND 
NUTRITION. Sixth Edition. 
written to incorporate full discussions of all the important advances 
made in food chemistry and nutrition, and their significance to health. 
Ready May 20th. (611 pages. $3.25, probable.) 


Black's INTRODUCTORY COURSE IN 
COLLEGE PHYSICS. Second Edition. 
A thorough revision to bring all material up to date, and to include 


many new problems, and new illustrations. A ‘‘student’s text,’’ this 
book is an exceptionally fine teaching instrument. (734 pages. $3.75.) 


Completely re 


PHYSICS, by Frank L. Robeson. This new text for 
general college physics is simply and clearly written to be within the 
understanding of students who have not had previous training in the 
subject. Written by a man who is both a physicist and an engineer, 
the text is very thorough, accurate and exact in all statements and 
definitions, and completely up to date. Sufficient problem material is 
included for two years’ assignments. Ready in September. 


New editions of 2 of the 
leading texts for general 
chemistry. 


A new edition of the 
standard text for food 
chemistry and nutri- 
tion. 


A new edition of an 
outstandingly success- 
ful text for first-year 
physics. 


A new foundation text 
in physics for both 
engineering and arts 
students. 


The Macmillan Company, New York 
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